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Preface
I have been writing and rewriting this book for over 25 years. During that time, translations have
appeared in six languages. The writing is a form of post-graduate education. It forces me to keep
up with the growth of knowledge in the field and the changing ways in which we think about dis-
eases. This text provides an approach to the common presenting problems of children with dis-
orders of the nervous system. The general organization is constant from one edition to the
next but the reader will find considerable change in the content. The text remains a manual of
practical information, much of it based on experience. I have felt free to present my own biases
concerning patient management in situations where a single standard of practice is not
established.

I am grateful to many of my colleagues and trainees at Vanderbilt for their input and advice.
The academic setting is the place where the teacher not only teaches, but also learns.

Gerald M. Fenichel, MD
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Paroxysmal Disorders
The sudden onset of neurological dysfunc-
tion characterizes paroxysmal disorders. In
children, such events often clear completely.
Disturbance of ion channels (channelopathies)
are often the underlying cause (Turnbull
et al, 2005). Examples of channelopathies are
genetic epilepsies, migraine, periodic paraly-
sis, and paroxysmal movement disorders.
Table 1-1 Movements That Resemble
Neonatal Seizures

Benign nocturnal myoclonus
Jitteriness
Nonconvulsive apnea
Normal movement
Opisthotonos
Pathological myoclonus
APPROACH TO PAROXYSMAL
DISORDERS

The diagnosing physician rarely witnesses the
paroxysmal event. The nature of the event
requires interpreting events witnessed by a third
party, offered by a family member, or, worse, the
second-hand description that the parent heard
from the teacher. Never accept a second-hand
description. Most “spells” are not seizures, and
epilepsy is not a diagnosis of exclusion. Seizures
and syncope are commonly confused.Many peo-
ple stiffen and tremble at the end of a faint. The
critical distinction is that syncope is always asso-
ciated with pallor and seizures never are.

Spells seldom remain unexplained when
viewed. Because observation of the spell is criti-
cal to diagnosis, ask the family to video the spell.
Most families either own or can borrow a cam-
era. Many have a camera in their cell phone.
Even when a purchase is required, a video is
often more cost-effective than brain imaging,
and the family has something useful to show
for the expenditure. Always ask the following
two questions: Has this happened before? Does
anyone else in the family have similar episodes?
Often, no one offers this important information
until requested. Episodic symptoms that last only
seconds and cause no abnormal signs usually
remain unexplained and do not warrant labora-
tory investigation. The differential diagnosis of
paroxysmal disorders is somewhat different in
the neonate, infant, child, and adolescent and
presented best by age groups.
PAROXYSMAL DISORDERS
OF NEWBORNS

Seizures are the main paroxysmal disorder of
the newborn, occurring in 1.8 to 3.5 live
births in the United States, and an important
feature of neurological disease (Silverstein
and Jensen, 2007). Uncontrolled seizures
may contribute to further brain damage.
Brain glucose decreases during prolonged
seizures and excitatory amino acid release
interferes with DNA synthesis. Therefore, sei-
zures identified by electroencephalography
(EEG) that occur without movement in
newborns paralyzed for respiratory assistance
are important to identify and treat. The
challenge for the clinician is to differentiate
seizure activity from normal neonatal move-
ments and from pathological movements
caused by other mechanisms (Table 1-1).

The long-term prognosis in children with
neonatal seizures is better in term newborns
than in premature newborns (Ronen et al,
2007). However, the etiology of the seizures
is the primary determinant of prognosis.
Seizure Patterns

Seizures in newborns, especially in the prema-
ture, are poorly organized and difficult to dis-
tinguish from normal activity. Newborns with
1



Table 1-2 Seizure Patterns in Newborns

Apnea with tonic stiffening of the body
Focal clonic movements of one limb or both limbs on

one side
Multifocal clonic limb movements
Myoclonic jerking
Paroxysmal laughing
Tonic deviation of the eyes upward or to one side
Tonic stiffening of the body
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hydranencephaly or atelencephaly are capable
of generating the full variety of neonatal sei-
zure patterns. This supports the notion that
seizures may arise from the brainstem as well
as the hemispheres. The absence of myelin-
ated pathways for seizure propagation may
confine seizures arising in the brainstem. For
the same reason, seizures originating in one
hemisphere are unlikely to spread beyond
the contiguous cortex or to produce second-
ary bilateral synchrony.

Table 1-2 lists clinical patterns that have been
associated with epileptiform discharges in
newborns. This classification is useful, but does
not do justice to the variety of patterns actually
observed, nor does the classification account for
the 50% of prolonged epileptiform discharges
on the EEG without visible clinical changes.
Generalized tonic-clonic seizures do not occur.
Many newborns suspected of having generalized
tonic-clonic seizures are actually jittery (see “Jitter-
iness”). Newborns paralyzed to assist mechanical
ventilationpose a special problem in seizure iden-
tification. In this circumstance, the presence of
rhythmic increases in systolic arterial blood pres-
sure, heart rate, and oxygenation should alert
physicians to the possibility of seizures.

The term subtle seizures encompasses several
different patterns in which tonic or clonicmove-
ments of the limbs are lacking. EEG monitoring
has consistently failed to show that such move-
ments are associated with epileptiform activity.
One exception is tonic deviation of the eyes,
which is usually a seizure manifestation.

The definitive diagnosis of neonatal seizures
often requires EEG monitoring. A split-screen
16-channel video EEG is the ideal means for
monitoring. Epileptiform activity in the new-
born is usually widespread and detectable even
when the newborn is clinically asymptomatic.

Focal Clonic Seizures

Clinical Features. Repeated, irregular slow
clonic movements (one to three jerks per sec-
ond affecting one limb or both limbs on one
side) are characteristic of focal clonic seizures.
2

Rarely are such movements sustained for long
periods, and they do not “march” as though
spreading along the motor cortex. In an other-
wise alert and responsive full-term newborn,
focal clonic seizures always indicate a cerebral
infarction or hemorrhage. In newborns with
states of decreased consciousness, focal clonic
seizures may indicate a focal infarction super-
imposed on a generalized encephalopathy.

Diagnosis. During the seizure, EEG may show
a unilateral focus of high-amplitude sharp
waves adjacent to the central fissure. The dis-
charge can spread to involve contiguous areas
in the same hemisphere and can be associated
with unilateral seizures of the limbs and adver-
sive movements of the head and eyes. Interic-
tal EEG usually shows focal slowing or
amplitude attenuation.

Newborns with focal clonic seizures should
be evaluated immediately using computed
tomography (CT) or ultrasonography to look
for intracerebral hemorrhage. If the CT is nor-
mal, contrast-enhanced CT or magnetic reso-
nance imaging (MRI) 3 days later looks for
cerebral infarction. Ultrasonography is not
useful in detecting small cerebral infarctions.

Multifocal Clonic Seizures

Clinical Features. In multifocal clonic seizures,
migratory jerking movements are noted in first
one limb and then another. Facial muscles may
be involved as well. The migration appears ran-
dom and does not follow expected patterns of
epileptic spread. Sometimes prolonged move-
ments occur in one limb, suggesting a focal
rather than a multifocal seizure. Detection of
the multifocal nature comes later, when nursing
notes appear contradictory concerning the side
or the limb affected. Multifocal clonic seizures
are a neonatal equivalent of generalized tonic-
clonic seizures. They are ordinarily associated
with severe, generalized cerebral disturbances
such as hypoxic-ischemic encephalopathy.

Diagnosis. Standard EEG usually detects multi-
focal epileptiform activity. If not, a 24-hour
monitor is appropriate.

Myoclonic Seizures

Clinical Features. Brief, repeated extension
and flexion movements of the arms, legs, or
all limbs characterize myoclonic seizures. They
constitute an uncommon seizure pattern in
the newborn, but their presence suggests
severe, diffuse brain damage.
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Diagnosis. No specific EEG pattern is asso-
ciated with myoclonic seizures in the newborn.
Myoclonic jerks often occur in babies born to
drug-addicted mothers. Whether these move-
ments are seizures, jitteriness, or myoclonus
(discussed later) is uncertain.

Tonic Seizures

Clinical Features. The characteristic features of
tonic seizures are extension and stiffening of
the body, usually associated with apnea and
upward deviation of the eyes. Tonic posturing
without the other features is rarely a seizure
manifestation. Tonic seizures are more com-
mon in premature than in full-term newborns
and usually indicate structural brain damage
rather than a metabolic disturbance.

Diagnosis. Tonic seizures in premature new-
borns are often a symptom of intraventricular
hemorrhage and an indication for ultrasound
study. Tonic posturing also occurs in
newborns with forebrain damage, not as a sei-
zure manifestation but as a disinhibition of
brainstem reflexes. Prolonged disinhibition
results in decerebrate posturing, an extension of
the body and limbs associated with internal
rotation of the arms, dilation of the pupils,
and downward deviation of the eyes. Decere-
brate posturing is often a terminal sign in
premature infants with intraventricular hem-
orrhage caused by pressure on the upper
brainstem (see Chapter 4).

Tonic seizures and decerebrate posturing
look similar to opisthotonos, a prolonged arch-
ing of the back not necessarily associated with
eye movements. The cause of opisthotonos is
probably meningeal irritation. It occurs in
kernicterus, infantile Gaucher disease, and
some aminoacidurias.
Seizure-Like Events

Apnea

Clinical Features. An irregular respiratory pat-
tern with intermittent pauses of 3 to 6 sec-
onds, often followed by 10 to 15 seconds of
hyperpnea, is a common occurrence in prema-
ture infants. The pauses are not associated
with significant alterations in heart rate, blood
pressure, body temperature, or skin color.
Immaturity of the brainstem respiratory cen-
ters causes this respiratory pattern, termed
periodic breathing. The incidence of periodic
breathing correlates directly with the degree
of prematurity. Apneic spells are more com-
mon during active than quiet sleep.

Apneic spells of 10 to 15 seconds are detect-
able at some time in almost all premature and
some full-term newborns. Apneic spells of 10
to 20 seconds are usually associated with a
20% decrease in heart rate. Longer episodes
of apnea are almost invariably associated with
a 40% or greater decrease in heart rate. The
frequency of these apneic spells correlates
with brainstem myelination. Even at 40 weeks’
conceptional age, premature newborns con-
tinue to have a higher incidence of apnea
than do full-term newborns. The incidence
of apnea sharply decreases in all infants at
52 weeks’ conceptional age.

Diagnosis. Apneic spells in an otherwise
normal-appearing newborn are a sign of brain-
stem immaturity and not a pathological con-
dition. The sudden onset of apnea and states
of decreased consciousness, especially in pre-
mature newborns, suggests an intracranial
hemorrhage with brainstem compression. An
immediate ultrasound examination should be
performed.

Apneic spells are almost never a seizure
manifestation unless associated with tonic
deviation of the eyes, tonic stiffening of the
body, or characteristic limb movements. How-
ever, prolonged apnea without bradycardia,
and especially with tachycardia, is a seizure
until proven otherwise.

Management. Short episodes of apnea do not
require intervention.

Benign Nocturnal Myoclonus

Clinical Features. Sudden jerking movements
of the limbs during sleep occur in normal peo-
ple of all ages (see Chapter 14). They appear
primarily during the early stages of sleep as
repeated flexion movements of the fingers,
wrists, and elbows. The jerks do not localize
consistently, stop with gentle restraint, and
end abruptly with arousal. When prolonged,
the usual misdiagnosis is focal clonic or myo-
clonic seizures.

Diagnosis. The distinction between nocturnal
myoclonus and seizures or jitteriness is that
benign nocturnal myoclonus occurs only dur-
ing sleep, is not activated by a stimulus, and
the EEG is normal.

Management. Treatment is not required.
3
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Jitteriness

Clinical Features. Jitteriness or tremulousness
is an excessive response to stimulation. Touch,
noise, or motion provokes a low-frequency,
high-amplitude shaking of the limbs and jaw.
Jitteriness is commonly associated with a low
threshold for the Moro reflex, but it can occur
in the absence of any apparent stimulation
and be confused with myoclonic seizures.

Diagnosis. Jitteriness usually occurs in newborns
with perinatal asphyxia who may have seizures as
well. EEG monitoring, the absence of eye move-
ments or alteration in respiratory pattern, and
the presence of stimulus activation distinguish jit-
teriness from seizures. Newborns of addicted
mothers and newborns with metabolic disorders
are often jittery.

Management. Reduced stimulation decreases jit-
teriness. However, newborns of addicted moth-
ers require sedation to facilitate feeding and to
decrease energy expenditure.

Differential Diagnosis of Seizures

Seizures are a feature of almost all brain disorders
in the newborn. The time of onset of the first sei-
zure indicates the probable cause (Table 1-3). Sei-
zures occurring during the first 24 hours, and
Table 1-3 Differential Diagnosis of Neonatal Sei

24 Hours

Bacterial meningitis and sepsis (see Chapter 4)
Direct drug effect
Hypoxic-ischemic encephalopathy
Intrauterine infection (see Chapter 5)
Intraventricular hemorrhage at term (see Chapter 4)
Laceration of tentorium or falx
Pyridoxine dependency
Subarachnoid hemorrhage

24 to 72 Hours

Bacterial meningitis and sepsis (see Chapter 4)
Cerebral contusion with subdural hemorrhage
Cerebral dysgenesis (see Chapter 18)
Cerebral infarction (see Chapter 11)
Drug withdrawal
Glycine encephalopathy
Glycogen synthase deficiency
Hypoparathyroidism-hypocalcemia
Idiopathic cerebral venous thrombosis
Incontinentia pigmenti
Intracerebral hemorrhage (see Chapter 11)
Intraventricular hemorrhage in premature newborns

(see Chapter 4)
Pyridoxine dependency
Subarachnoid hemorrhage
Tuberous sclerosis
Urea cycle disturbances
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especially in the first 12 hours, are usually due to
hypoxic-ischemic encephalopathy. Sepsis,menin-
gitis, and subarachnoid hemorrhage are next in
frequency, followed by intrauterine infection
and trauma. Direct drug effects, intraventricular
hemorrhage at term, andpyridoxinedependency
are relatively rare causes of seizures.

The more common causes of seizures during
the period from 24 to 72 hours after birth are
intraventricular hemorrhage in premature new-
borns, subarachnoid hemorrhage, and cerebral
contusion in large full-term newborns, and sep-
sis and meningitis at all gestational ages. The
cause of focal clonic seizures in full-term
newborns is always cerebral infarction or intrace-
rebral hemorrhage. Head CT is diagnostic. Cere-
bral dysgenesis causes seizures at this time and
remains an important cause of seizures through-
out infancy and childhood. All other conditions
are relatively rare.Newbornswithmetabolicdisor-
ders are usually lethargic and feed poorly before
the onset of seizures. Seizures are rarely the first
clinical feature. After 72 hours, the initiation of
proteinandglucose feedingsmakes inbornerrors
of metabolism, especially aminoacidurias, a more
important consideration. Table 1-4 outlines a bat-
tery of screening tests for metabolic disorders.
Transmission of herpes simplex infection occurs
during delivery, and symptoms begin during the
second half of the first week. Conditions that
zures by Peak Time of Onset

72 Hours to 1 Week

Cerebral dysgenesis (see Chapter 18)
Cerebral infarction (see Chapter 11)
Familial neonatal seizures
Hypoparathyroidism
Idiopathic cerebral venous thrombosis
Intracerebral hemorrhage (see Chapter 11)
Kernicterus
Methylmalonic acidemia
Nutritional hypocalcemia
Propionic academia
Tuberous sclerosis
Urea cycle disturbances

1 to 4 Weeks

Adrenoleukodystrophy, neonatal (see Chapter 6)
Cerebral dysgenesis (see Chapter 18)
Fructose dysmetabolism
Gaucher disease type 2 (see Chapter 5)
GM1 gangliosidosis type I (see Chapter 5)
Herpes simplex encephalitis
Idiopathic cerebral venous thrombosis
Ketotic hyperglycinemias
Maple syrup urine disease, neonatal
Tuberous sclerosis
Urea cycle disturbances



Table 1-4 Screening for Inborn Errors
of Metabolism That Cause
Neonatal Seizures

Blood Glucose Low

Fructose 1,6-diphosphatase deficiency
Glycogen storage disease, type 1
Maple syrup urine disease

Blood Calcium Low

Hypoparathyroidism
Maternal hyperparathyroidism

Blood Ammonia High

Argininosuccinic acidemia
Carbamyl phosphate synthetase deficiency
Citrullinemia
Methylmalonic acidemia (may be normal)
Multiple carboxylase deficiency
Ornithine transcarbamylase deficiency
Propionic acidemia (may be normal)

Blood Lactate High

Fructose 1,6-diphosphatase deficiency
Glycogen storage disease, type 1
Mitochondrial disorders
Multiple carboxylase deficiency

Metabolic Acidosis

Fructose 1,6-diphosphatase deficiency
Glycogen storage disease, type 1
Maple syrup urine disease
Methylmalonic acidemia
Multiple carboxylase deficiency
Propionic academia

Chapter 1 Paroxysmal Disorders
cause early and late seizures include cerebral
dysgenesis, cerebral infarction, intracerebral
hemorrhage, and familial neonatal seizures.

Aminoacidopathies

MAPLE SYRUP URINE DISEASE

An almost complete absence (<2%of normal) of
branched-chain ketoacid dehydrogenase causes
the neonatal form of maple syrup urine disease
Valine �-Keto-isovalerate

�-Keto-�-methylvalerate

�-Keto-isocaproate I

Isoleucine

Leucine

Valine
transaminase

Isoleucine
transaminase

Leucine
transaminase Branched-c

keto acid
decarboxyla

Hypervalinemia
Maple syrup u

disease

Figure 1-1 Branched-chain amino acid metabolis
a-ketoacid dehydrogenase; 3, isovaleryl-coenzyme A
acyl-CoA dehydrogenase; 5, propionyl-CoA carboxylase
7, methylmalonyl-CoA mutase (adenosylcobalamin cofa
(MSUD). Branched-chain ketoacid dehydroge-
nase is composed of six subunits, but the main
abnormality in MSUD is deficiency of the E1 sub-
unit on chromosome19q13.1-q13.2. Leucine, iso-
leucine, and valine cannot bedecarboxylated and
accumulate in blood, urine, and tissues (Fig. 1-1).
Descriptions of later onset forms are given in
Chapters 5 and 10. Transmission of the defect is
by autosomal recessive inheritance (Strauss et al,
2006).

Clinical Features. Affected newborns appear
healthy at birth, but lethargy, feeding difficulty,
and hypotonia develop after ingestion of protein.
A progressive encephalopathy develops by 2 to 3
days postpartum. The encephalopathy includes
lethargy, intermittent apnea, opisthotonus, and
stereotyped movements such as “fencing” and
“bicycling.” Coma and central respiratory failure
may occur by 7 to 10 days of age. Seizures begin
in the second week and are associated with the
development of cerebral edema. Once seizures
begin, they continue with increasing frequency
and severity. Without therapy, cerebral edema
becomes progressively worse and results in coma
and death within 1 month.

Diagnosis. Plasma amino acid concentrations
show increased plasma concentrations of the
three branch-chained amino acids. Measures
of enzyme in lymphocytes or cultured fibro-
blasts serve as a confirmatory test. Heterozy-
gotes have diminished levels of enzyme activity.

Management. Hemodialysis may be necessary to
correct the life-threatening metabolic acidosis.
A trial of thiamine (10–20 mg/kg/day) improves
the condition in a thiamine-responsive MSUD
variant. Stop the intake of all natural protein,
and correct dehydration, electrolyte imbalance,
and metabolic acidosis. A special diet, low
in branched-chain amino acids, may prevent fur-
ther encephalopathy if started immediately by
Isobutyryl-CoA Methacrylyl-CoA

Tiglyl-CoA

β-Methylcrotonyl-CoA

�-Methylbutyryl-CoA

sovaleryl-CoA

hain

se

Isovaleryl-CoA
dehydrogenase

rine

Isovaleric
acidemia

m. 1, transaminase system; 2, branched-chain
(CoA) dehydrogenase; 4, a-methyl branched-chain
(biotin cofactor); 6, methylmalonyl-CoA racemase;

ctor).
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Figure 1-2 Ammonia metabolism and the urea
cycle. CPSI, carbamyl phosphate synthase I; OTC,
ornithine transcarbamylase; ASS, argininosuccinic
acid synthetase; ASL, argininosuccinic acid lyase.
ARG, arginase. ATP, adenosine triphosphate.
(Adapted and redrawn from Summar ML: Urea
cycle disorders overview. In GeneClinics: Medical
Genetics Knowledge Base [online database].
Seattle, University of Washington, August 11, 2005.
Available at: http://www.geneclinics.org.)
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nasogastric tube. Newborns diagnosed in the first
2 weeks and treated rigorously have the best
prognosis.

GLYCINE ENCEPHALOPATHY

A defect in the glycine-cleaving system causes
glycine encephalopathy (nonketotic hypergly-
cinemia). Inheritance is autosomal recessive
(Hamosh, 2005).

Clinical Features. Affected newborns are nor-
mal at birth but become irritable and refuse
feeding anytime from 6 hours to 8 days after
delivery. The onset of symptoms is usually
within 48 hours, but delays of a few weeks
occur in milder allelic forms. Hiccupping is
an early and continuous feature; some
mothers report that the child hiccupped in
utero. Progressive lethargy, hypotonia, respira-
tory disturbances, and myoclonic seizures fol-
low. Some newborns survive the acute illness,
but mental retardation, epilepsy, and spasticity
characterize the subsequent course.

In the milder forms, the onset of seizures is
after the neonatal period. The developmental
outcome is better, but does not exceed moder-
ate mental retardation.

Diagnosis. During the acute encephalopathy,
the EEG demonstrates a burst-suppression pat-
tern that evolves during infancy into hypsar-
rhythmia. MRI may be normal or may show
agenesis or thinning of the corpus callosum.
Delayed myelination and atrophy are later find-
ings. Hyperglycinemia and especially elevated
concentrations of glycine in the cerebrospinal
fluid, in the absence of hyperammonemia or
organic acidemia, establish the diagnosis.

Management. No therapy has been proven
effective. Hemodialysis provides only tempo-
rary relief of the encephalopathy, and diet ther-
apy has not proved successful in modifying the
course. Diazepam, a competitor for glycine
receptors, in combination with choline, folic
acid, and sodium benzoate, may stop the sei-
zures. Oral administration of sodium benzoate
at doses of 250 to 750 mg/kg/day can decrease
the plasma glycine concentration to the normal
range. This substantially reduces but does not
normalize cerebrospinal fluid glycine concentra-
tion. Carnitine, 100 mg/kg/day, may increase
the glycine conjugation with benzoate.

UREA CYCLE DISTURBANCES

Carbamyl phosphate synthetase deficiency, orni-
thine transcarbamylase deficiency, citrullinemia,
6

argininosuccinic acidemia, and argininemia
(arginase deficiency) are the disorders caused
by defects in the enzyme systems responsible
for urea synthesis (Fig. 1-2). A similar syndrome
results from deficiency of the cofactor producer
N-acetylglutamate synthetase. Arginase defi-
ciency does not cause symptoms in the newborn.
Ornithine transcarbamylase deficiency is an
X-linked trait; transmission of all others is by
autosomal recessive inheritance (Summar,
2005). The estimated prevalence of all urea cycle
disturbances is 1:30,000 live births.

Clinical Features. The clinical features of urea
cycle disorders are due to ammonia intoxication
(Table 1-5). Progressive lethargy, vomiting, and
hypotonia develop as early as the first day after
delivery, even before the initiation of protein
feeding. Progressive loss of consciousness and
seizures follow on subsequent days. Vomiting
and lethargy correlate well with plasma ammo-
nia concentrations greater than 200 mg/dL
(120 mmol/L). Coma correlates with concentra-
tions greater than 300 mg/dL (180 mmol/L)
and seizures with those greater than 500 mg/dL
(300 mmol/L). Death follows quickly in untrea-
ted newborns. Newborns with partial deficiency
of carbamyl phosphate synthetase and female
carriers of ornithine transcarbamylase defi-
ciency may become symptomatic after ingesting
a large protein load.

http://www.geneclinics.org


Table 1-5 Causes of Neonatal
Hyperammonemia

Liver failure
Primary enzyme defects in urea synthesis

Argininosuccinic acidemia
Carbamyl phosphate synthetase deficiency
Citrullinemia
Ornithine transcarbamylase deficiency

Other disorders of amino acid metabolism
Glycine encephalopathy
Isovaleric acidemia
Methylmalonic acidemia
Multiple carboxylase deficiency
Propionic acidemia

Transitory hyperammonemia of prematurity

Chapter 1 Paroxysmal Disorders
Diagnosis. Suspect the diagnosis of a urea
cycle disturbance in every newborn with a
compatible clinical syndrome and hyperam-
monemia without organic acidemia. Hyperam-
monemia can be life threatening, and
diagnosis within 24 hours is essential. Deter-
mine the blood ammonia concentration and
the plasma acid-base status. A plasma ammo-
nia concentration of 150 mmol/L or higher,
associated with a normal anion gap and a nor-
mal serum glucose concentration, strongly
suggests a urea cycle disorder. Plasma quanti-
tative amino acid analysis differentiates the
specific urea cycle disorder. A definitive diag-
nosis of carbamyl phosphate synthetase I defi-
ciency, ornithine transcarbamylase deficiency,
or N-acetylglutamate synthetase deficiency
depends on determination of enzyme activity
of a liver biopsy specimen.

Management. Treatment cannot await specific
diagnosis in newborns with symptomatic
hyperammonemia due to inborn errors of
urea synthesis. The essential treatment mea-
sures include (1) the reduction of plasma
ammonia concentration by limiting nitrogen
intake to 1.2 to 2 g/kg/day and using essen-
tial amino acids for protein, (2) allowing alter-
native pathway excretion of excess nitrogen
with sodium benzoate and phenylacetic acid,
(3) decreasing the amount of nitrogen in the
diet, and (4) decreasing catabolism by introdu-
cing calories supplied by carbohydrates and fat.
Arginine concentrations are low in all inborn
errors of urea synthesis except for arginase
deficiency and require supplementation.

Even with optimal supervision, episodes of
hyperammonemia may occur and may lead to
coma and death. In such cases, intravenous
administration of sodium benzoate, sodium
phenylacetate, and arginine, coupled with
nitrogen-free alimentation, are appropriate.
The indication for peritoneal dialysis or hemo-
dialysis is a poor response to drug therapy.

Benign Familial Neonatal Seizures

In some families, several members had seizures
in the first weeks of life but do not have epi-
lepsy or other neurological abnormalities
later. At least four different gene loci are
identifiable. The two best-known loci are on
chromosome 20q (BFN1) and 8q (BFN2). In
each, transmission of the trait is autosomal
dominant, and mutations affect the voltage-
gated potassium genes. An autosomal recessive
form also exists.

Clinical Features. Brief multifocal clonic sei-
zures develop during the first week, sometimes
associated with apnea. Delay of onset may be
as long as 4 weeks. With or without treatment,
the seizures usually stop spontaneously within
6 weeks. Febrile seizures occur in as many as
one third of affected children; some have
febrile seizures without first having neonatal
seizures. Epilepsy develops later in life in as
many as one third of affected newborns. The
seizure types include nocturnal generalized
tonic-clonic seizures and simple focal orofacial
seizures.

Diagnosis. Suspect the syndrome when sei-
zures develop without apparent cause in a
healthy newborn. Laboratory tests, including
interictal EEG, are normal. A family history
of neonatal seizures is critical to diagnosis
but may await discovery until interviewing the
grandparents; parents are frequently unaware
that they had neonatal seizures.

Management. Phenobarbital usually stops sei-
zures. After 4 weeks of complete seizure con-
trol, taper and discontinue the drug. Initiate
a longer trial if seizures recur.
Bilirubin Encephalopathy

Unconjugated bilirubin is bound to albumin
in the blood. Kernicterus, a yellow discolor-
ation of the brain that is especially severe in
the basal ganglia and hippocampus, occurs
when the serum unbound or free fraction
becomes excessive. An excessive level of the
free fraction in an otherwise healthy newborn
is approximately 20 mg/dL (340 mmol/L).
Kernicterus was an important complication of
hemolytic disease from maternal-fetal blood
7
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group incompatibility, but this condition is
now almost unheard of in most countries.
The management of other causes of hyperbi-
lirubinemia in full-term newborns is not diffi-
cult. Critically ill premature infants with
respiratory distress syndrome, acidosis, and
sepsis are the group at greatest risk. In such
newborns, an unbound serum concentration
of 10 mg/dL (170 mmol/L) may be sufficient
to cause bilirubin encephalopathy, and even
the albumin-bound fraction may pass the
blood-brain barrier.

Clinical Features. Three distinct clinical phases
of bilirubin encephalopathy occur in full-term
newborns with untreated hemolytic disease.
Hypotonia, lethargy, and a poor sucking reflex
occur within 24 hours of delivery. Bilirubin
staining of the brain is already evident in
newborns dying during this first clinical phase.
On the second or third day, the newborn
becomes febrile and shows increasing tone
and opisthotonic posturing. Seizures are not a
constant feature but may occur at this time.
Characteristic of the third phase is apparent
improvement with normalization of tone. This
may cause second thoughts about the accuracy
of the diagnosis, but the improvement is short-
lived. Evidence of neurological dysfunction
begins to appear toward the end of the second
month, and the symptoms become progres-
sively worse throughout infancy.

In premature newborns, the clinical fea-
tures are subtle and may lack the phases of
increased tone and opisthotonos. The typical
clinical syndrome after the first year includes
extrapyramidal dysfunction, usually athetosis,
which occurs in virtually every case (see Chap-
ter 14); disturbances of vertical gaze, upward
more often than downward, in 90%; high-fre-
quency hearing loss in 60%; and mental retar-
dation in 25%.

Diagnosis. In newborns with hemolytic disease,
the basis for a presumed clinical diagnosis is a
significant hyperbilirubinemia and a compati-
ble evolution of symptoms. However, the diag-
nosis is difficult to establish in critically ill
premature newborns, in which the cause of
brain damage is more often asphyxia than
kernicterus.

Management. Maintaining serum bilirubin con-
centrations below the toxic range, either by pho-
totherapy or exchange transfusion, prevents
kernicterus. Once kernicterus has occurred, fur-
ther damage can be limited, but not reversed, by
lowering serum bilirubin concentrations.
8

Drug Withdrawal

Marijuana, alcohol, narcotic analgesics, and
hypnotic sedatives are the drugs most com-
monly used during pregnancy. Marijuana and
alcohol do not cause drug dependence in
the fetus and are not associated with with-
drawal symptoms. Hypnotic sedatives, such as
barbiturates, do not ordinarily produce with-
drawal symptoms unless the ingested doses
are very large. Phenobarbital has a sufficiently
long half-life in newborns that sudden with-
drawal does not occur. The prototype of nar-
cotic withdrawal in the newborn is with
heroin or methadone, but a similar syndrome
occurs with codeine and propoxyphene.

Clinical Features. Symptoms of opiate with-
drawal aremore severe and tend to occur earlier
in full-term (first 24 hours) than in premature
(24–48 hours) newborns. The initial feature is a
coarse tremor, present only during the waking
state, which can shake an entire limb. Irritability;
a shrill, high-pitched cry; and hyperactivity fol-
low. The newborn seems hungry but has diffi-
culty feeding and vomits afterward. Diarrhea
and other symptoms of autonomic instability
are common.

Myoclonic jerking is present in 10% to 25%
of newborns undergoing withdrawal. Whether
these movements are seizures or jitteriness is
not clear. Definite seizures occur in less than
5% of newborns. Maternal use of cocaine dur-
ing pregnancy is associated with premature
delivery, growth retardation, and microceph-
aly. Newborns exposed to cocaine, in utero
or after delivery through the breast milk, often
show features of cocaine intoxication includ-
ing tachycardia, tachypnea, hypertension, irri-
tability, and tremulousness.

Diagnosis. Suspect and anticipate drug with-
drawal in every newborn whose mother has a
history of substance abuse. Even when such a
history is not available, the combination of irri-
tability, hyperactivity, and autonomic instabil-
ity should provide a clue to the diagnosis.
Careful questioning of the mother concerning
her use of prescription and nonprescription
drugs is imperative. Blood and urine analyses
identify specific drugs.

Management. Symptoms remit spontaneously
in 3 to 5 days, but appreciable mortality occurs
among untreated newborns. Phenobarbital,
8 mg/kg/day, or chlorpromazine, 3 mg/kg/
day, relieves symptoms and reduces mortality.
Secretion of morphine, meperidine, opium,



Table 1-6 Causes of Neonatal Hypoglycemia

Primary Transitional Hypoglycemia

Complicated labor and delivery
Intrauterine malnutrition
Maternal diabetes
Prematurity

Secondary Transitional Hypoglycemia

Asphyxia
Central nervous system disorders
Cold injuries
Sepsis

Persistent Hypoglycemia

Aminoacidurias
Maple syrup urine disease
Methylmalonic acidemia
Propionic acidemia
Tyrosinosis

Congenital hypopituitarism
Defects in carbohydrate metabolism

Fructose 1,6-diphosphatase deficiency
Fructose intolerance
Galactosemia
Glycogen storage disease, type 1
Glycogen synthase deficiency

Hyperinsulinism
Organic acidurias

Glutaric aciduria type 2
3-Methylglutaryl–coenzyme A deficiency
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and methadone in breast milk is insufficient to
cause or relieve addiction in the newborn.

The occurrence of seizures, in itself, does not
indicate a poor prognosis. The long-term out-
come relatesmore closely to the other risk factors
associated with substance abuse in the mother.

Hypocalcemia

The definition of hypocalcemia is a blood cal-
cium concentration less than 7 mg/dL (<1.75
mmol/L). The onset of hypocalcemia in the
first 72 hours after delivery is associated with
low birth weight, asphyxia, maternal diabetes,
transitory neonatal hypoparathyroidism,mater-
nal hyperparathyroidism, and DiGeorge syn-
drome (DGS). A later onset of hypocalcemia
occurs in children fed improper formulas, in
maternal hyperparathyroidism, and in DGS.

Hypoparathyroidism in the newborn may
result from maternal hyperparathyroidism or
may be a transitory phenomenon of unknown
cause. Hypocalcemia occurs in less than 10% of
stressednewborns andenhances their vulnerabil-
ity to seizures, but it is rarely the primary cause.

DIGEORGE SYNDROME

DGS (22q11 microdeletion syndrome) is asso-
ciated with microdeletions of chromosome
22q11.2 (McDonald-McGinn et al, 2004). Dis-
turbance of cervical neural crest migration to
the derivatives of the pharyngeal arches and
pouches explains the phenotype. Organs
derived from the third and fourth pharyngeal
pouches (thymus, parathyroid gland, and
great vessels) are hypoplastic.

Clinical Features. The 22q11.2 syndrome encom-
passes several similar phenotypes: DGS, velocar-
diofacial syndrome, and Shprintzen syndrome.
The acronym CATCH is used to describe the
phenotype of cardiac abnormality, T-cell deficit,
clefting (multiple minor facial anomalies), and
hypocalcemia. The identification of most chil-
dren with DGS occurs in the neonatal period
with a major heart defect, hypocalcemia, and
immunodeficiency. Diagnosis of velocardiofa-
cial syndrome in children comes later because
of cleft palate or craniofacial deformities.

The initial symptoms of DGS may be caused
by congenital heart disease, hypocalcemia, or
both. Jitteriness and tetany usually begin in the
first 48 hours after delivery. The peak onset of
seizures is on the third day, but there may be a
2-week delay. Many affected newborns die of car-
diac causes during the first month; survivors fail
to thrive and have frequent infections because
of the failure of cell-mediated immunity.
Diagnosis. Newborns with DGS come to medi-
cal attention because of seizures and heart dis-
ease. Seizures or a prolonged Q-T interval
brings attention to hypocalcemia. Molecular
genetic testing confirms the diagnosis.

Management. Management requires a multi-
specialty team including cardiology, immunol-
ogy, medical genetics, and neurology. Plastic
surgery, dentistry, and child development con-
tribute later. Hypocalcemia generally responds
to parathyroid hormone or to oral calcium
and vitamin D.

Hypoglycemia

A transitory, asymptomatic hypoglycemia is
detectable in 10% of newborns during the first
hours after delivery and before initiating feed-
ing. Hypoglycemia is not associated with neuro-
logical impairment later in life. Symptomatic
hypoglycemia may result from cerebral stress
or inborn errors of metabolism (Table 1-6).

Clinical Features. The timeof onset of symptoms
depends on the underlying disorder. Early onset
is generally associated with perinatal asphyxia or
intracranial hemorrhage and late onset with
9
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inborn errors of metabolism. Hypoglycemia is
rare and mild among newborns with classic
MSUD, ethylmalonic aciduria, and isovaleric
acidemia and is invariably severe in those with
3-methylglutaconic aciduria, glutaric aciduria
type 2, and disorders of fructose metabolism.

The syndrome includes any of the following
symptoms: apnea, cyanosis, tachypnea, jitteri-
ness, high-pitched cry, poor feeding, vomiting,
apathy, hypotonia, seizures, and coma. Symp-
tomatic hypoglycemia is often associated with
later neurological impairment.

Diagnosis. Neonatal hypoglycemia is defined
as a whole blood glucose concentration of less
than 20 mg/dL (1 mmol/L) in premature and
low-birth-weight newborns, less than 30 mg/
dL (1.5 mmol/L) in term newborns during
the first 72 hours, and less than 40 mg/dL
(2 mmol/L) in full-term newborns after 72
hours. Finding a low glucose concentration
in a newborn with seizures prompts investiga-
tion of the cause of the hypoglycemia.

Management. Intravenous administration of
glucose normalizes blood glucose concentra-
tions, but the underlying cause must be deter-
mined before providing definitive treatment.
Hypoxic-Ischemic Encephalopathy

Asphyxia at term is usually an intrauterine event,
and hypoxia and ischemia occur together;
the result is hypoxic-ischemic encephalopathy
(HIE). Acute total asphyxia often leads to
death from circulatory collapse. Survivors are
born comatose. Lower cranial nerve dysfunc-
tion and severe neurological handicaps are the
rule.

Partial, prolonged asphyxia is the usual
mechanism of HIE in surviving full-term
newborns (Miller et al, 2005). The fetal circu-
lation adapts to reductions in arterial oxygen
by maximizing blood flow to the brain, and
to a lesser extent the heart, at the expense of
other organs.

Clinical experience indicates that fetuses
may be subject to considerable hypoxia with-
out the development of brain damage. The
incidence of cerebral palsy among full-term
newborns with a 5-minute Apgar score of 0 to
3 is only 1% if the 10-minute score is 4 or
higher. Any episode of hypoxia sufficiently
severe to cause brain damage also causes
derangements in other organs. Newborns with
mild HIE always have a history of irregular
heart rate and usually pass meconium. Those
10
with severe HIE may have lactic acidosis, ele-
vated serum concentrations of hepatic enzymes,
enterocolitis, renal failure, and fatal myocar-
dial damage.

Clinical Features. Mild HIE is relatively com-
mon. The newborn is lethargic but conscious
immediately after birth. Other characteristic
features are jitteriness and sympathetic overac-
tivity (tachycardia, dilatation of pupils, and
decreased bronchial and salivary secretions).
Muscle tone is normal at rest, tendon reflexes
are normoreactive or hyperactive, and ankle
clonus is usually elicited. The Moro reflex is
complete, and a single stimulus generates
repetitive extension and flexion movements.
Seizures are not an expected feature, and
their occurrence suggests concurrent hypogly-
cemia or the presence of a second condition.

Symptoms diminish and disappear during
the first few days, although some degree of
overresponsiveness may persist. Newborns with
mild HIE are believed to recover normal brain
function completely. They are not at greater
risk of epilepsy or learning disabilities develop-
ing later.

Newborns with severe HIE are stuporous or
comatose immediately after birth, and respira-
tory effort is usually periodic and insufficient
to sustain life. Seizures begin within the first
12 hours. Hypotonia is severe, and tendon
reflexes, the Moro reflex, and the tonic neck
reflex are absent as well. Sucking and swallow-
ing are depressed or absent, but the pupillary
and oculovestibular reflexes are present. Most
of these newborns have frequent seizures,
which may appear on EEG without clinical
manifestations. They may progress to status epi-
lepticus. The response to antiepileptic drugs is
usually incomplete. Generalized increased
intracranial pressure characterized by coma,
bulging of the fontanelles, loss of pupillary
and oculovestibular reflexes, and respiratory
arrest develops between 24 and 72 hours of
age.

The newborn may die at this time or may
remain stuporous for several weeks. The
encephalopathy begins to subside after the
third day, and seizures decrease in frequency
and eventually stop. Jitteriness is common
as the newborn becomes arousable. Tone
increases in the limbs during the succeeding
weeks. Neurological sequelae are expected in
newborns with severe HIE who remain coma-
tose for more than a week.

Diagnosis. EEG and CT are helpful in deter-
mining the severity and prognosis of HIE.
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In mild HIE, the EEG background rhythms
are normal or lacking in variability. In severe
HIE, the background is always abnormal and
shows suppression of background amplitude.
The degree of suppression correlates well with
the severity of HIE. The worst case is a flat
EEG or one with a burst-suppression pattern.
A poor outcome is invariable if the amplitude
remains suppressed for 2 weeks or a burst-sup-
pression pattern is present at any time. Epilep-
tiform activity may also be present but is less
predictive of the outcome than is background
suppression.

Two to 4 days after severe prolonged partial
asphyxia, CT shows the cerebral edema as
decreased tissue attenuation of the hemi-
spheres. Repeat CT or MRI after 1 month
shows the full extent of injury. Survivors of
near-total asphyxia have decreased tissue
attenuation in the basal ganglia and thalamus.

Management. The management of HIE in
newborns requires immediate attention to
derangements in several organs and correc-
tion of acidosis. Clinical experience indicates
that control of seizures, maintenance of
adequate ventilation and perfusion, and pre-
vention of fluid overload increase the chance
of a favorable outcome. A promising treat-
ment approach, now in clinical trials, involves
either whole-body or selective head cooling
(Gluckman et al, 2005).

A separate section details the treatment of
seizures in newborns. The use of intravenous
leviteracetam is undergoing clinical trials and
shows promise. Seizures often cease spontane-
ously during the second week, and stopping
antiepileptics after another 2 weeks of control
is reasonable. The incidence of later epilepsy
among infants who had neonatal seizures
caused by HIE is 30% to 40%. Continuing
antiepileptic therapy after the initial seizures
have stopped does not influence the outcome.
Organic Acid Disorders

Characteristic of organic acid disorders is the
accumulation of compounds, usually ketones,
or lactic acid that causes acidosis in biological
fluids (Seashore, 2007). Among the more than
50 organic acid disorders are abnormalities in
vitamin metabolism, lipid metabolism, glycoly-
sis, the citric acid cycle, oxidative metabolism,
glutathione metabolism, and 4-aminobutyric
acid metabolism. The clinical presentations
vary considerably, and several chapters in
this text contain descriptions. Defects in the
further metabolism of branched-chain amino
acids are the organic acid disorders that
most often cause neonatal seizures. Molecular
genetic testing is clinically available for
the detection of MSUD, propionic acidemia,
methylmalonic acidemia, biotin-unresponsive
3-methylcrotonyl-coenzyme (CoA) carboxylase
deficiency, isovaleric acidemia, and glutaric
acidemia type I.

ISOVALERIC ACIDEMIA

Isovaleric acid is a fatty acid derived from leu-
cine. The enzyme isovaleryl-CoA dehydroge-
nase converts isovaleric acid to propionyl-CoA
(see Fig. 1-1). Genetic transmission is autoso-
mal recessive inheritance. The heterozygote
state is detectable in cultured fibroblasts.

Clinical Features. Two phenotypes are asso-
ciated with the same enzyme defect. One is
an acute, overwhelming disorder of the new-
born; the other is a chronic infantile form.
Newborns are normal at birth but within a
few days become lethargic, refuse to feed,
and vomit. The clinical syndrome is similar to
MSUD except that the urine smells like
“sweaty feet” instead of maple syrup. Sixty per-
cent of affected newborns die within 3 weeks.
The survivors have a clinical syndrome identi-
cal to the chronic infantile phenotype.

Diagnosis. The excretion of isovaleryl lysine in
the urine detects isovaleric acidosis. Assays of
isovaleryl-CoA dehydrogenase activity use
cultured fibroblasts. The clinical phenotype
correlates not with the percentage of residual
enzyme activity but with the ability to detoxify
isovaleryl-CoA with glycine.

Management. Dietary restriction of protein,
especially leucine, decreases the occurrence
of later psychomotor retardation. L-Carnitine,
50 mg/kg/day, is a beneficial supplement to
the diet of some children with isovaleric acide-
mia. In acutely ill newborns, oral glycine, 250
to 500 mg/day, in addition to protein restric-
tion and carnitine, lowers mortality.

METHYLMALONIC ACIDEMIA

D-Methylmalonyl- CoA is racemized to L-methyl-
malonyl-CoA by the enzyme D-methylmalonyl
racemase and then isomerized to succinyl-
CoA, which enters the tricarboxylic cycle. The
enzyme D-methylmalonyl-CoA mutase catalyzes
the isomerization. The cobalamin (vitamin
B12) coenzyme adenosylcobalamin is a required
cofactor. Genetic transmission of the several
11
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defects in this pathway is by autosomal recessive
inheritance. Mutase deficiency is the most com-
mon abnormality. Propionyl-CoA, propionic
acid, and methylmalonic acid accumulate and
cause hyperglycinemia and hyperammonemia.

Clinical Features. Affected children appear nor-
mal at birth. In 80% of those with complete
mutase deficiency, the symptoms appear
during the first week after delivery; those with
defects in the synthesis of adenosylcobalamin
generally show symptoms after 1 month. Symp-
toms include lethargy, failure to thrive, recur-
rent vomiting, dehydration, respiratory distress,
and hypotonia after the initiation of protein
feeding. Leukopenia, thrombocytopenia, and
anemia are present in more than one half of
patients. Intracranial hemorrhage may result
from a bleeding diathesis. The outcome for
newborns with complete mutase deficiency is
usually poor. Most die within 2 months of diag-
nosis; survivors have recurrent acidosis, growth
retardation, and mental retardation.

Diagnosis. Suspect the diagnosis in any newborn
with metabolic acidosis, especially if associated
with ketosis, hyperammonemia, and hyperglyci-
nemia. Demonstrating an increased concentra-
tion of methylmalonate in the plasma and
urine confirms the diagnosis. The specific
enzyme defect can be determined in fibroblasts.
Techniques for prenatal detection are available.

Management. Some affected newborns are co-
balamin responsive and others are not. Manage-
ment of thosewithmutase deficiency is similar to
that of propionic acidemia. The long-term
results are poor. Vitamin B12 supplementation
is useful in some defects of adenosylcobalamin
synthesis, and hydroxocobalamin administra-
tion is reasonable while awaiting the definitive
diagnosis. Maintain treatment with protein
restriction (0.5–l.5 g/kg/day) and hydroxoco-
balamin (1 mgweekly). As inpropionic acidemia,
oral supplementation of L-carnitine reduces keto-
genesis in response to fasting.

PROPIONIC ACIDEMIA

Propionyl-CoA forms as a catabolite of
methionine, threonine, and the branched-
chain amino acids. Its further carboxylation
to D-methylmalonyl-CoA requires the enzyme
propionyl-CoA carboxylase and the coen-
zyme biotin (see Fig. 1-1). Isolated defi-
ciency of propionyl-CoA carboxylase causes
propionic acidemia. Transmission of the
defect is autosomal recessive.
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Clinical Features. Most children who are af-
fected appear normal at birth; symptoms may
begin as early as the first day after delivery
or may be delayed for months or years. In
newborns, the symptoms are nonspecific: feed-
ing difficulty, lethargy, hypotonia, and dehydra-
tion. Recurrent attacks of profound metabolic
acidosis, often associated with hyperammone-
mia, which respond poorly to buffering, are
characteristic. Untreated newborns rapidly
become dehydrated, have generalized or myo-
clonic seizures, and become comatose.

Hepatomegaly caused by a fatty infiltration
occurs in 28% of patients. Neutropenia, throm-
bocytopenia, and occasionally pancytopenia
may be present. A bleeding diathesis accounts
for massive intracranial hemorrhage in some
newborns. Children who survive beyond
infancy develop infarctions in the basal ganglia.

Diagnosis. Consider propionic acidemia in any
newborn with ketoacidosis or hyperammonemia
without ketoacidosis. Propionic acidemia is the
probable diagnosis when the plasma concentra-
tions of glycine and propionate and the urinary
concentrations of glycine, methylcitrate, and
b-hydroxypropionate are increased. Although
the urinary concentration of propionate may
be normal, the plasma concentration is always
elevated, without a concurrent increase in the
concentration of methylmalonate.

Deficiency of enzyme activity in peripheral
blood leukocytes or in skin fibroblasts estab-
lishes the diagnosis. Molecular genetic testing
is available. Detecting methylcitrate, a unique
metabolite of propionate, in the amniotic
fluid and showing deficient enzyme activity in
amniotic fluid cells provide prenatal diagnosis.

Management. The newborn in ketoacidosis
requires dialysis to remove toxic metabolites,
parenteral fluids to prevent dehydration, and
protein-free nutrition. Restricting protein
intake to 0.5 to l.5 g/kg/day decreases the fre-
quency and severity of subsequent attacks.
Oral administration of L-carnitine reduces the
ketogenic response to fasting and may be use-
ful as a daily supplement. Intermittent admin-
istration of nonabsorbed antibiotics decreases
the production of propionate by gut bacteria.

Herpes Simplex Encephalitis

Herpes simplex virus (HSV) is a large DNA
virus separated into two serotypes, HSV-1 and
HSV-2. HSV-2 is associated with 80% of genital
herpes and HSV-1 with 20%. The overall preva-
lence of genital herpes is increasing, and
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approximately 25% of pregnant women have
serological evidence of past HSV-2 infection.
Transmission of HSV to the newborn can occur
in utero, peripartum, or postnatally. However,
85% of neonatal cases are HSV-2 infections
acquired at the time of delivery. The highest
risk of perinatal transmission occurs when a
mother with no previous HSV-1 or HSV-2 anti-
bodies acquires either virus in the genital tract
within 2 weeks before delivery (first-episode pri-
mary infection). Postnatal transmission can
occur with HSV-1 through mouth or hand by
the mother or other caregiver.

Clinical Features. The clinical spectrum of
perinatal HSV infection is considerable.
Among symptomatic newborns, one third have
disseminated disease, one third have localized
involvement of the brain, and one third have
localized involvement of the eyes, skin, or
mouth. Whether infection is disseminated or
localized, approximately half of infections
involve the central nervous system. The overall
mortality rate is 62%, and 50% of survivors
have permanent neurological impairment.

The onset of symptoms may be as early as
the fifth day but is usually in the second week.
A vesicular rash is present in 30%, usually on
the scalp after vertex presentation and on the
buttocks after breech presentation. Conjuncti-
vitis, jaundice, and a bleeding diathesis may be
present. The first symptoms of encephalitis are
irritability and seizures. Seizures may be focal
or generalized and are frequently refractory
to therapy. Neurological deterioration is pro-
gressive and characterized by coma and
quadriparesis.

Diagnosis. Culture specimens are collected
from the cutaneous vesicles, mouth, nasophar-
ynx, rectum, or cerebrospinal fluid. Poly-
merase chain reaction is the standard for
diagnosis of herpes encephalitis. EEG is always
abnormal and shows a periodic pattern of slow
waves or spike discharges. The cerebrospinal
fluid examination shows lymphocytic leukocy-
tosis, red blood cells, and an elevated protein
concentration.

Management. The best treatment is preven-
tion. Acyclovir, 800 mg as a single oral dose,
suppresses recurrent genital herpes in adults.
Deliver all women with genital herpes at term
whose membranes are intact or ruptured for
less than 4 hours by cesarean section.

Intravenous acyclovir is the drug of choice
for all forms of neonatal HSV disease. The dose
is 60 mg/kg/day in three divided doses, given
intravenously for 14 days for skin/eye/mouth
disease and for 21 days for disseminated dis-
ease. All patients with central nervous system
HSV involvement should undergo a repeat
lumbar puncture at the end of intravenous acy-
clovir therapy to determine that the result of
the polymerase chain reaction for the cerebro-
spinal fluid is negative and normalized. Ther-
apy continues until documenting a negative
polymerase chain reaction result. Neutropenia
is the main adverse effect of acyclovir. Mortality
remains 50% or greater in newborns with
disseminated disease.

Trauma and Intracranial Hemorrhage

Neonatal head trauma occurs most often in large
term newborns of primiparous mothers. Pro-
longed labor and difficult extraction are usual
because of fetal malposition or a precipitous
delivery before sufficient dilation of the maternal
cervix. Intracranial hemorrhage may be sub-
arachnoid, subdural, or intraventricular. Intra-
ventricular hemorrhage is discussed inChapter 4.

IDIOPATHIC CEREBRAL VENOUS
THROMBOSIS

The causes of cerebral venous thrombosis in
newborns are coagulopathies, polycythemia, sep-
sis, and asphyxia. Cerebral venous thrombosis,
especially involving the superior sagittal sinus,
also occurs without known predisposing factors.

Clinical Features. The initial symptom is focal
seizures or lethargy beginning anytime during
the first month. Intracranial pressure remains
normal, lethargy slowly resolves, and seizures
respond to phenobarbital. The long-term out-
come is uncertain and probably depends on
the extent of hemorrhagic infarction of the
hemisphere.

Diagnosis. CT is satisfactory for diagnosis, but
MRI provides a more comprehensive assess-
ment of the involved vessels and the extent
of brain damage.

Management. Anticoagulation does not influ-
ence outcome.

PRIMARY SUBARACHNOID HEMORRHAGE

Clinical Features. Blood in the subarachnoid
space probably originates from tearing of the
superficial veins by shearing forces during a
prolonged delivery with the head engaged.
Mild HIE is often associated with subarach-
noid hemorrhage, but the newborn is usually
13
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well when an unexpected seizure occurs on
the first or second day of life. Lumbar punc-
ture, performed because of suspected sepsis,
reveals blood in the cerebrospinal fluid. Most
newborns with subarachnoid hemorrhages will
be neurologically normal later.

Diagnosis. CT is useful to document the
extent of hemorrhage. Blood is present in
the interhemispheric fissure and the supraten-
torial and infratentorial recesses. EEG may
reveal epileptiform activity without back-
ground suppression. This indicates that sei-
zures are not caused by HIE and that the
prognosis is more favorable. Clotting studies
exclude the possibility of a coagulopathy.

Management. Seizures usually respond to anti-
epileptic medication rather than to phenobar-
bital. Specific therapy is not available for the
hemorrhage, and posthemorrhagic hydroceph-
alus is uncommon.

SUBDURAL HEMORRHAGE

Clinical Features. Subdural hemorrhage is usu-
ally the consequence of a tear in the tentorium
near its junction with the falx. Causes of a tear
include excessive vertical molding of the head
in vertex presentation, anteroposterior elonga-
tion of the head in face and brow presentations,
and prolonged delivery of the after-coming
head in a breech presentation. Blood collects
in the posterior fossa and may produce brain-
stem compression. The initial features are
those of mild to moderate HIE. Clinical evi-
dence of brainstem compression begins 12
hours or longer after delivery. Characteristic
features include irregular respiration, an
abnormal cry, declining consciousness, hypoto-
nia, seizures, and a tense fontanelle. Intracere-
bellar hemorrhage is sometimes present.
Mortality is high, and neurological impairment
among survivors is common.

Diagnosis. CT and ultrasonography visualize
the subdural hemorrhages.

Management. Small hemorrhages do not require
treatment, but surgical evacuation of large collec-
tions relieves brainstem compression.

Pyridoxine Dependency

Pyridoxine dependency is a rare disorder
transmitted as an autosomal recessive trait
(Gospe, 2007). The genetic locus is unknown,
but the presumed cause is impaired glutamic
decarboxylase activity.
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Clinical Features. Newborns experience sei-
zures soon after birth. The seizures are usually
multifocal clonic at onset and progress rapidly
to status epilepticus. Although presentations
consisting of prolonged seizures and recurrent
episodes of status epilepticus are typical, recur-
rent self-limited events, including partial sei-
zures, generalized seizures, atonic seizures,
myoclonic events, and infantile spasms, also
occur. The seizures only respond to pyridox-
ine. A seizure-free interval as long as 3 weeks
may occur after pyridoxine discontinuation.
Intellectual disability is common.

Atypical features include late-onset seizures
(as late as age 2 years), seizures that initially
respond to antiepileptics and then do not, sei-
zures that do not initially respond to pyridoxine
but then become controlled, and prolonged
seizure-free intervals occurring after stopping
pyridoxine. Intellectual disability is common.
An atypical form includes seizure onset as late
as 2 years of age. The seizures initially respond
to antiepileptics and then become intractable.

Diagnosis. In most cases, the diagnosis is sus-
pected because of an affected older sibling. In
the absence of a family history, suspect the diag-
nosis in newborns with continuous seizures.
Characteristic of the infantile-onset variety is
intermittent myoclonic seizures, focal clonic
seizures, or generalized tonic-clonic seizures.
The EEG is continuously abnormal because of
generalized or multifocal spike discharges. An
intravenous injection of pyridoxine, 100 mg,
stops the clinical seizure activity and often con-
verts the EEG to normal in less than 10minutes.
However, sometimes 500 mg is required.

Management. A lifelong dietary supplement of
pyridoxine (50–100 mg/day) prevents further
seizures. Subsequent psychomotor develop-
ment is best with early treatment, but this does
not ensure a normal outcome. The dose
needed to prevent mental retardation may
be higher than that needed to stop seizures.

Incontinentia Pigmenti
(Bloch-Sulzberger Syndrome)

Incontinentia pigmenti is a rare neurocuta-
neous syndrome involving the skin, teeth,
eyes, and central nervous system. Genetic
transmission is X-linked (Xq28), with lethality
in the hemizygous male (Scheuerle, 2007).

Clinical Features. The female-to-male ratio is
20:1. An erythematous and vesicular rash
resembling epidermolysis bullosa is present
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on the flexor surfaces of the limbs and lateral
aspect of the trunk at birth or soon thereafter.
The rash persists for the first few months, and
a verrucous eruption that lasts for weeks or
months replaces the original rash. Between 6
and 12 months of age, deposits of pigment
appear in the previous area of rash in bizarre
polymorphic arrangements. The pigmentation
later regresses and leaves a linear hypopig-
mentation. Alopecia, hypodontia, abnormal
tooth shape, and dystrophic nails may be asso-
ciated. Some have retinal vascular abnormal-
ities that predispose to retinal detachment in
early childhood.

Neurological disturbances occur in fewer
than half of the cases. In newborns, the prom-
inent feature is the onset of seizures on the
second or third day, often confined to one
side of the body. Residual neurological handi-
caps may include mental retardation, epilepsy,
hemiparesis, and hydrocephalus.

Diagnosis. The clinical findings and biopsy of
the skin rash are diagnostic. The basis for diag-
nosis is the clinical findings and the molecular
testing of the IKBKG gene.

Management. Neonatal seizures caused by incon-
tinentia pigmenti usually respond to standard
antiepileptic drugs. The blistering rash requires
topical medication and oatmeal baths. Regular
ophthalmological examinations manage retinal
detachment.
Treatment of Neonatal Seizures

Animal studies suggest that continuous seizure
activity, even in the normoxemic brain, may
cause brain damage by inhibiting protein syn-
thesis and breaking down polyribosomes. In
premature newborns, an additional concern is
that the increased cerebral blood flow asso-
ciated with seizures will increase the risk of
intraventricular hemorrhage. Protein binding
of antiepileptic drugs may be impaired in pre-
mature newborns and the free fraction concen-
tration may be toxic, whereas the measured
protein-bound fraction appears therapeutic.

The initial steps in managing newborns
with seizures are to maintain vital function,
identify and correct the underlying cause
(i.e., hypocalcemia) when possible, and rap-
idly provide a therapeutic blood concentration
of an antiepileptic drug when needed.

Efficacy studies of antiepileptic drugs for the
treatment of neonatal seizures show that phe-
nobarbital and phenytoin are equally effective
when administered intravenously. Seizure con-
trol is less than 50% when using either drug
alone but increases tomore than 60%with com-
bined therapy. Fosphenytoin, a phosphorylated
prodrug of phenytoin, has fewer cardiovascular
and cutaneous side effects.

In recent years, we have initiated therapy for
neonatal seizures with intravenous levetirace-
tam (see the following section). It is safe and
does not interact with other drugs. In refractory
cases, intermittent doses of lorazepam or con-
tinuous midazolam infusion may be helpful.

Antiepileptic Drugs

LEVETIRACETAM

The introduction of intravenous levetiracetam
(100 mg/mL) provides a new and safer option
for the treatment of newborns. Because levetir-
acetam is not liver metabolized but excreted
unchanged in the urine, no drug-drug interac-
tions exist. Use of the drug requires maintain-
ing urinary output. I consider it an excellent
treatment option and recommend it as initial
therapy. The initial dose is 30 mg/kg; themain-
tenance dose is 60 mg/kg/day.

PHENOBARBITAL

Intravenous phenobarbital is the most widely
used drug for the treatment of newborns
with seizures. A unitary relationship usually
exists between the intravenous dose of phe-
nobarbital in milligrams per kilogram of
body weight and the blood concentration in
micrograms per milliliter measured 24 hours
after the load. A 20-mg/mL blood concentra-
tion is safely achievable with a single intrave-
nous loading dose of 20 mg/kg injected at a
rate of 5 mg/min. The usual maintenance
dose is 4 mg/kg/day. Use additional boluses
of 10 mg/kg, to a total of 40 mg/kg, for
those who fail to respond to the initial load.
Phenobarbital monotherapy is effective in
70% to 85% of newborns with seizures after
achieving a 40-g/mL blood concentration. In
term newborns with intractable seizures from
hypoxic-ischemicencephalopathy, inwhommech-
anical ventilation is invariable, use additional
boluses of phenobarbital to achieve a blood con-
centration of 70 mg/mL.

The half-life of phenobarbital in newborns
varies from 50 to 200 hours. The basis for
administering additional doses is measures of
current blood concentration information.
After the 10th day, the half-life shortens as
the result of enzyme induction, and a steady
state is easier to achieve.
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Table 1-7 Paroxysmal Disorders in Children
Younger Than 2 Years

Apnea and Breath-Holding

Cyanotic
Pallid

Dystonia

Glutaric aciduria (see Chapter 14)
Transient paroxysmal dystonia of infancy

Migraine

Benign paroxysmal vertigo (see Chapter 10)
Cyclic vomiting
Paroxysmal torticollis (see Chapter 14)
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PHENYTOIN

Fosphenytoin sodium is safer than phenytoin
for intravenous administration. Oral doses of
phenytoin are poorly absorbed in newborns.
A single intravenous injection of 20 mg/kg
at a rate of 0.5 mg/kg/min safely achieves
a therapeutic blood concentration of 15 to
20 mg/mL (40–80 mmol/L). The half-life is
long during the first week, and the basis for
further administration is current knowledge
of the blood concentration. Most newborns
require a maintenance dose of 5 to 10 mg/
kg/day.
Seizures

Febrile seizures
Epilepsy triggered by fever
Nervous system infection
Simple febrile seizure

Nonfebrile seizures
Generalized tonic-clonic seizures
Partial seizures

Benign familial infantile seizures
Ictal laughter

Myoclonic seizures
Infantile spasms
Benign myoclonic epilepsy
Severe myoclonic epilepsy
Myoclonic status
Lennox-Gastaut syndrome
Stereotypies (see Chapter 14)
Duration of Therapy

Seizures caused by an acute, self-limited encepha-
lopathy, such as hypoxic-ischemic encephalopa-
thy, do not ordinarily require prolonged main-
tenance therapy. In most newborns, seizures stop
when the acute encephalopathy is over. There-
fore, discontinue therapy after 2 weeks of com-
plete seizure control. If seizures recur, reinitiate
antiepileptic therapy.

In contrast to newborns with seizures caused
by acute encephalopathy, treat seizures caused
by cerebral dysgenesis continuously. Eighty per-
cent will be epileptic in childhood.
PAROXYSMAL DISORDERS
IN CHILDREN YOUNGER
THAN 2 YEARS

The pathophysiology of paroxysmal disorders
in infants is more variable than in newborns
(Table 1-7). Seizures, especially febrile sei-
zures, are the main cause of paroxysmal disor-
ders, but apnea and syncope (breath-holding
spells) are relatively common as well. Often
the basis for requested neurological consulta-
tion in infants with paroxysmal disorders is
the suspicion of seizures. The determination
of which spells are seizures is often difficult
and relies more on obtaining a complete
description of the spell than on laboratory test
results. Ask the parents to provide a sequential
history. If more than one spell occurred, they
should first describe the one that was best
observed or most recent. The following ques-
tions should be asked: What was the child
doing before the spell? Did anything provoke
the spell? Did the child’s color change? If so,
when and to what color? Did the eyes move
in any direction? Did the spell affect one body
part more than other parts?
16
In addition to obtaining a home video of
the spell, ambulatory or prolonged split-screen
video-EEG monitoring is the only way to iden-
tify the nature of unusual spells. Seizures char-
acterized by decreased motor activity with
indeterminate changes in the level of con-
sciousness arise from the temporal, temporo-
parietal, or parieto-occipital region, whereas
seizures with motor activity usually arise from
the frontal, central, or frontoparietal region.
Apnea and Syncope

The definition of infant apnea is cessation of
breathing for 15 seconds or longer or for less
than 15 seconds if accompanied by bradycar-
dia. Premature newborns with respiratory dis-
tress syndrome may continue to have apneic
spells as infants, especially if they are neuro-
logically abnormal.

Apneic Seizures

Apnea alone is rarely a seizure manifestation
(Freed and Martinez, 2001). The frequency
of apneic seizures relates inversely to age,
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more often in newborns than infants and
rarely in children. Isolated apnea occurs as a
seizure manifestation in infants and young
children, but when reviewed on video, identifi-
cation of other features becomes possible.
Overall, reflux accounts for much more apnea
than seizures in most infants and young
children. Unfortunately, among infants with
apneic seizures, EEG abnormalities only appear
at the time of apnea. Therefore, monitoring is
required for diagnosis.

Breath-Holding Spells

Breath-holding spells with loss of consciousness
occur in almost 5% of infants. The cause is a
disturbance in central autonomic regulation
probably transmitted by autosomal dominant in-
heritance with incomplete penetrance. Approx-
imately 20% to 30% of parents of affected
childrenhave ahistory of the condition.The term
breath-holding is a misnomer because breathing
always stops in expiration. Both cyanotic and
pallid breath-holding spells occur; cyanotic spells
are three times more common than pallid spells.
Most children experience only one or the other,
but 20% have both.

The spells are involuntary responses to
adverse stimuli. In approximately 80% of
affected children, the spells begin before 18
months of age, and in all cases, they start before
3 years of age. The last episode usually occurs by
age 4 and no later than age 8.

CYANOTIC SYNCOPE

Clinical Features. The usual provoking stimu-
lus for cyanotic spells is anger, frustration, or
fear. The infant’s sibling takes away a toy; the
child cries, and then stops breathing in expira-
tion. Cyanosis develops rapidly, followed
quickly by limpness and loss of consciousness.
Crying may not precede cyanotic episodes pro-
voked by pain.

If the attack lasts for only seconds, the
infant may resume crying on awakening. Most
spells, especially the ones referred for neuro-
logical evaluation, are longer and are asso-
ciated with tonic posturing of the body and
trembling movements of the hands or arms.
The eyes may roll upward. These movements
are mistaken for seizures by even experienced
observers, but they are probably a brainstem
release phenomenon. Concurrent EEG shows
flattening of the record, not epileptiform
activity.

After a short spell, the child rapidly
recovers and seems normal immediately; after
a prolonged spell, the child first arouses and
then goes to sleep. Once an infant begins
having breath-holding spells, the frequency
increases for several months, then declines,
and finally ceases.

Diagnosis. The typical sequence of cyanosis,
apnea, and loss of consciousness is critical for
diagnosis. Cyanotic syncope and epilepsy are
confused because of a lack of attention to the
precipitating event. It is not sufficient to ask
Did the child hold his or her breath? The ques-
tion conjures up the image of breath-holding
during inspiration. Instead, questioning should
be focused on precipitating events, absence of
breathing, facial color, and family history. The
family often has a history of breath-holding
spells.

Between attacks, the EEG is normal. During
an episode, it first shows diffuse slowing and
then rhythmic slowing during the tonic-clonic
activity.

Management. Piracetam, 40 mg/kg/day, showed
a 92% reduction in spells compared with 30% for
placebo. The drug is not available in the United
States, but levetiracetam is very similar and
equally effective. I believe that picking up the
child, which is the natural act of the mother or
other observer, prolongs the spell. Placing a child
who has lost consciousness because of decreased
cerebral perfusion in an upright position seems
wrong. I always caution parents to hold the child
with the head in a dependent position.

Most important is to identify the nature of
the spell and explain that it is harmless.
Children do not die during breath-holding
spells, and the episodes always cease spontane-
ously. Does anyone know an adult who has
breath-holding spells?
PALLID SYNCOPE

Clinical Features. The provocation of pallid
syncope is usually a sudden, unexpected, pain-
ful event such as a bump on the head. The
child rarely cries but instead becomes white
and limp and loses consciousness. These epi-
sodes are truly terrifying to behold. Parents
invariably believe the child is dead and begin
mouth-to-mouth resuscitation. After the initial
limpness, the body may stiffen, and clonic
movements of the arms may occur. As in cya-
notic syncope, these movements represent a
brainstem release phenomenon, not seizure
activity. The duration of the spell is difficult
to determine because the observer is so
17
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frightened that seconds seem like hours. After-
ward the child often falls asleep and is normal
on awakening.

Diagnosis. Pallid syncope is the result of reflex
asystole. Pressure on the eyeballs to initiate a
vagal reflex provokes an attack. I do not rec-
ommend provoking an attack as an office pro-
cedure. The history alone is diagnostic.

Management. As with cyanotic spells, the major
goal is to reassure the family that the child will
not die during an attack. The physician must
be very convincing.
Febrile Seizures

An infant’s first seizure often occurs at the
time of fever. Three explanations are possible:
(1) an infection of the nervous system; (2)
an underlying seizure disorder in which the
stress of fever triggers the seizure, although
subsequent seizures may be afebrile; or (3) a
simple febrile seizure, an age-limited, genetic
epilepsy in which seizures occur only with
fever. Nervous system infection is discussed
in Chapters 2 and 4. Children who have sei-
zures from encephalitis or meningitis do not
wake up afterward; they are usually comatose.
The distinction between epilepsy and simple
febrile seizures is sometimes difficult and
may require time rather than laboratory tests.

Epilepsy specialists who manage monitor-
ing units have noted that a large proportion
of adults with intractable seizures secondary
to mesial temporal sclerosis have histories of
febrile seizures as children. The reverse is not
true. Among children with febrile seizures,
mesial temporal sclerosis is a rare event
(Tarkka et al, 2003).

Clinical Features. Febrile seizures not caused
by infection or another definable cause occur
in approximately 4% of children. Only 2% of
children whose first seizure is associated with
fever will have nonfebrile seizures (epilepsy)
by age 7. The most important predictor of
subsequent epilepsy is an abnormal neurologi-
cal or developmental state. Complex seizures,
defined as prolonged, focal, or multiple, and
a family history of epilepsy slightly increase
the probability of subsequent epilepsy.

A single, brief, generalized seizure occur-
ring in association with fever is likely to be
a simple febrile seizure. The seizure need
not occur during the time when fever is
rising. Brief and fever are difficult to define.
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Parents do not time seizures. When a child
has a seizure, seconds seem like minutes.
A prolonged seizure is one that is still in
progress after the family has contacted the
doctor or has left the house for the emer-
gency department. Postictal sleep is not part
of seizure time.

Simple febrile seizures are familial and
probably transmitted by autosomal dominant
inheritance with incomplete penetrance. One
third of infants who have a first simple febrile
seizure will have a second one at the time of a
subsequent febrile illness, and half of these
will have a third febrile seizure. The risk of
recurrence increases if the first febrile seizure
occurs before 18 months of age or at a body
temperature less than 40�C. More than three
episodes of simple febrile seizures are unusual
and suggest that the child may later have
nonfebrile seizures.

Diagnosis. Any child thought to have an infec-
tion of the nervous system should undergo a
lumbar puncture for examination of the cere-
brospinal fluid. Approximately one fourth of
children with bacterial or viral meningitis have
seizures. After the seizure, obtundation is
expected.

In contrast, infants who have simple febrile
seizures usually look normal after the seizure.
Lumbar puncture is unnecessary after a brief,
generalized seizure from which the child
recovers rapidly and completely, especially if
the fever subsides spontaneously or is otherwise
explained.

Blood cell counts; measurements of glu-
cose, calcium, and electrolytes; urinalysis;
EEG; and cranial CT on a routine basis are
not cost-effective and are discouraged. Individ-
ual decisions for laboratory testing depend on
the clinical circumstance. Perform EEG on
every infant who is not neurologically normal
or who has a family history of epilepsy. Infants
with prolonged focal febrile seizures require
brain MRI. Many will show a preexisting hip-
pocampal abnormality.

Management. Because only one third of chil-
dren with an initial febrile seizure have a
second seizure, treating every affected child is
unreasonable. Treatment is unnecessary in
the low-risk group with a single, brief,
generalized seizure. No evidence has shown
that a second or third simple febrile seizure,
even if prolonged, causes epilepsy or brain
damage.

As a rule, I recommend antiepileptic pro-
phylaxis only if I believe the child has a
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condition other than simple febrile seizures
and I follow these guidelines:

n Infants with an abnormal neurological
examination, developmental delay, or a
family history of nonfebrile seizures are
candidates for prophylactic antiepileptic
therapy.

n When the initial febrile seizure is com-
plex (multiple, prolonged, or focal), but
the child recovers rapidly and completely,
do not treat unless there is a family his-
tory of nonfebrile seizures.

n A family history of simple febrile seizures
is a relative contraindication to therapy.

n Provide the family of children who ex-
perience frequent or prolonged febrile
seizures with rectal diazepam.
Nonfebrile Seizures

Disorders that produce nonfebrile tonic-clonic
or partial seizures in infancy are not substan-
tially different from those that cause nonfeb-
rile seizures in childhood (see the following
section). Major risk factors for the develop-
ment of epilepsy in infancy and childhood are
congenital malformations (especially migra-
tional errors), neonatal seizures, and a family
history of epilepsy.

A complex partial seizure syndrome with
onset during infancy, sometimes in the new-
born period, is ictal laughter and is associated
with hypothalamic hamartoma. The attacks
are brief, occur several times each day, and
may be characterized by pleasant laughter or
giggling. The first thought is that the laugh-
ter appears normal, but then facial flushing
and pupillary dilation are noted. With time,
the child develops drop attacks and generalized
seizures. Personality change occurs, and preco-
cious puberty may be an associated condition.

A first partial motor seizure before the age
of 2 years is associated with a recurrence rate
of 87%, whereas with a first seizure at an older
age, the rate is 51%. The recurrence rate after
a first nonfebrile, asymptomatic, generalized
seizure is 60% to 70% at all ages. The younger
the age at the onset of nonfebrile seizures of
any type correlates with a higher incidence of
symptomatic rather than idiopathic epilepsy.

Approximately 25% of children who have
recurrent seizures during the first year,
excluding neonatal seizures and infantile
spasms, are developmentally or neurologically
abnormal at the time of the first seizure. The
initial EEG has prognostic significance;
normal EEG results are associated with a favor-
able neurological outcome.

Intractable seizures in children younger
than 2 years of age are often associated with
later mental retardation. The seizure types
with the greatest probability of mental retarda-
tion in descending order are myoclonic, tonic-
clonic, complex partial, and simple partial.

Transmission of benign familial infantile epi-
lepsy is by autosomal dominant inheritance.
Onset is as early as 3 months of age. The gene
locus, on chromosome 19, is different from
the locus for benign familial neonatal seizures.
Motion arrest, decreased responsiveness, staring
or blank eyes, andmild convulsivemovements of
the limbs characterize the seizures. Antiepileptic
drugs provide easy control, and seizures usually
stop spontaneously within 2 to 4 years.
Myoclonus and Myoclonic Seizures

INFANTILE SPASMS

Infantile spasms are age-dependent myoclonic
seizures that occur with an incidence of 25
per 100,000 live births in the United States
and Western Europe. An underlying cause
can be determined in approximately 75% of
patients; congenital malformations and peri-
natal asphyxia are common causes, and tuber-
ous sclerosis accounts for 20% of cases in
some series (Table 1-8). Despite considerable
concern in the past, immunization is not a
cause of infantile spasms.

The combination of infantile spasms, agen-
esis of the corpus callosum (as well as other
midline cerebral malformations), and retinal
malformations is referred to as Aicardi syn-
drome (Sutton and Van den Veyver, 2006).
Affected children are always females, and
genetic transmission of the disorder is as an
X-linked dominant trait with hemizygous
lethality in males.

Clinical Features. The peak age at onset is
between 4 and 7 months, and onset is always
before 1 year of age. The spasm can be a
flexor or an extensor movement; some chil-
dren have both. Spasms generally occur in
clusters, shortly after the infant awakens from
sleep, and are not activated by stimulation.
A rapid flexor spasm involving the neck,
trunk, and limbs followed by a tonic contrac-
tion sustained for 2 to 10 seconds is character-
istic. Less severe flexor spasms consist of
dropping of the head and abduction of the
arms or by flexion at the waist resembling
colic. Extensor spasms resemble the second
19



Table 1-9 Electroencephalographic
Appearance in Myoclonic Seizures
of Infancy

Seizure Type EEG Appearance

Infantile spasms Hypsarrhythmia
Slow spike and wave
Burst-suppression

Benign myoclonus Normal
Benign myoclonic

epilepsy
Spike and wave (3 cps)
Polyspike and wave (3 cps)

Severe myoclonic
epilepsy

Polyspike and wave (>3 cps)

Lennox-Gastaut
syndrome

Spike and wave (2–2.5 cps)
Polyspike and wave

(2–2.5 cps)

cps, cycles per second; EEG, electroencephalographic.

Table 1-8 Neurocutaneous Disorders
Causing Seizures in Infancy

Incontinentia
Pigmenti

Seizure type
Neonatal seizures
Generalized tonic-
clonic

Cutaneous
manifestations

Erythematous
bullae (newborn)

Pigmentary whorls
(infancy)

Depigmented areas
(childhood)

Linear Nevus
Sebaceous
Syndrome

Seizure type
Infantile spasms
Lennox-Gastaut
syndrome

Generalized tonic-
clonic

Cutaneous
manifestation

Linear facial
sebaceous nevus

Neurofibromatosis

Seizure type
Generalized tonic-
clonic

Partial complex
Partial simple motor

Cutaneous
manifestations

Café au lait spots
Axillary freckles
Neural tumors

Sturge-Weber
Syndrome

Seizure type
Epilepsia partialis

continua
Partial simple motor
Status epilepticus

Cutaneous
manifestation

Hemifacial
hemangioma

Tuberous Sclerosis

Seizure type
Neonatal seizures
Infantile spasms
Lennox-Gastaut

syndrome
Generalized tonic-

clonic
Partial simple motor
Partial complex

Cutaneous
manifestations

Abnormal hair
pigmentation

Adenoma sebaceum
Café au lait spots
Depigmented areas
Shagreen patch

Chapter 1 Paroxysmal Disorders
component of the Moro reflex: the head moves
backward and the arms suddenly spread.
Whether flexor or extensor, the movement is
usually symmetrical and brief.

When the spasms are secondary to an
identifiable cause (symptomatic), the infant
is usually abnormal neurologically or develop-
mentally at the onset of spasms. Microcephaly
is common in this group. Prognosis depends
on the cause, but, as a rule, the symptomatic
group does poorly.

Idiopathic spasms characteristically occur in
children who had been developing normally
at the onset of spasms and have no history of
prenatal or perinatal disorders. Neurological
findings, including head circumference, are
normal. It had been thought that 40% of chil-
dren with idiopathic spasms would be neuro-
logically normal or only mildly retarded
subsequently. I suspect that many such children
had benign myoclonus. With improvement in
diagnostic testing, idiopathic infantile spasms
are less frequent.
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Diagnosis. The delay from spasm onset to
diagnosis is often considerable. Infantile
spasms are so unlike the usual perception of
seizures that even experienced pediatricians
may be slow to realize the significance of the
movements. Often, colic is the first diagnosis
because of the sudden flexor movements
and is treated for several weeks before sus-
pecting seizures.

EEG differentiates infantile spasms from
benign myoclonus of early infancy (Table 1-9).
EEG is the singlemost important test for diagno-
sis. However, EEG findings vary with the dura-
tion of recording, sleep state, and underlying
disorder. Hypsarrhythmia is the usual pattern
recorded during the early stages of infantile
spasms. A chaotic and continuously abnormal
background of very high voltage and random
slow waves and spike discharges are characteris-
tic. The spikes vary in location from moment to
moment and are generalized but never repeti-
tive. Typical hypsarrhythmia usually appears dur-
ing wakefulness or active sleep. During quiet
sleep, greater interhemispheric synchrony
occurs and the background may have a burst-
suppression appearance.

The EEG may normalize briefly on arousal,
but when spasms recur, an abrupt attenuation
of the background or high-voltage slow waves
appear. Within a few weeks, greater interhemi-
spheric synchrony replaces the original chaotic
pattern of hypsarrhythmia. The distribution of
epileptiform discharges changes from multifo-
cal to generalized, and background attenuation
follows the generalized discharges.

Management. A practice parameter for the
medical treatment of infantile spasms is avail-
able (Mackay et al, 2004). Corticotropin, the
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traditional treatment for infantile spasms, is
effective for short-term treatment control of
the spasms. Corticotropin has no effect on
the underlying mechanism of the disease and
is only a short-term symptomatic therapy.
The ideal doses and treatment duration are
not established. Corticotropin gel is usually
given twice daily as an intramuscular injection
of 75 U/m2 for 2 to 6 weeks and then tapered
to zero during a 1-week period. Oral predni-
sone, 2 mg/kg/day, for 2 weeks and then
tapered over 2 weeks is an alternative therapy.
The response to hormone therapy is never
graded; control is either complete or not at
all. Even when the response is favorable, one
third of patients have relapses during or after
the course of treatment.

Several alternative treatments avoid the
adverse effects of corticosteroids and may have
a longer-lasting effect. Clonazepam, levetirace-
tam (Gümüs et al, 2007; Mikati et al, 2008),
and zonisamide (Lotze and Wilfong, 2004)
are probably the safest alternatives. Use these
first as monotherapy and then in combina-
tion. Valproate monotherapy controls spasms
in 70% of infants with doses of 100 to
300 mg/kg/day. The concern for fatal hepa-
totoxicity has limited use in this age group,
but experience reveals that affected infants
have an underlying inborn error produc-
ing liver failure even in the absence of
valproate.

Vigabatrin is effective for treating spasms in
children with tuberous sclerosis and perhaps
cortical dysplasia (Parisi et al, 2007). Used
extensively in Canada and Europe, it is not
commercially available in the United States.
BENIGN MYOCLONUS OF INFANCY

Clinical Features. Many series of patients with
infantile spasms include a small number with
normal EEG results. Such infants cannot be
distinguished from others with infantile
spasms by clinical features because the age at
onset and the appearance of the movements
are the same. The spasms occur in clusters,
frequently at mealtime. Clusters increase in
intensity and severity over a period of weeks
or months and then abate spontaneously.
After 3 months, the spasms usually stop alto-
gether, and although they may recur occa-
sionally, no spasms occur after 2 years of
age. Affected infants are normal neurologi-
cally and developmentally and remain so
afterward. The term benign myoclonus indi-
cates that the spasms are an involuntary
movement rather than a seizure.
Diagnosis. A normal EEG result distinguishes
this group from other types of myoclonus in
infancy. No other tests are required.

Management. Treatment is not required.
BENIGN MYOCLONIC EPILEPSY

Despite the benign designation, the association
of infantile myoclonus with an epileptiform
EEG rarely yields a favorable outcome.

Clinical Features. Benign myoclonic epilepsy is
a rare disorder of uncertain cause. One third
of patients have family members with epilepsy,
suggesting a genetic etiology. Onset is between
4 months and 2 years of age. Affected infants
are neurologically normal at the onset of sei-
zures and remain so afterward. Brief myo-
clonic attacks characterize the seizures. These
may be restricted to head nodding or may be
so severe as to throw the child to the floor.
The head drops to the chest, eyes roll upward,
the arms move upward and outward, and legs
flex. Myoclonic seizures may be single or
repetitive, but consciousness is not lost. No
other seizure types occur in infancy, but
generalized tonic-clonic seizures may occur in
adolescence.

Diagnosis. EEG during a seizure indicates ge-
neralized three-cycles-per-second spike-wave or
polyspike-wave discharges. Sensory stimuli do
not activate seizures. The pattern is consistent
with primary, generalized epilepsy.

Management. Valproate produces complete sei-
zure control, but leviteracetam is a safer option
for initial treatment. Developmental outcome
is generally good with early treatment, but cog-
nitive impairment may develop in some chil-
dren. If left untreated, seizures may persist for
years.

EARLY EPILEPTIC ENCEPHALOPATHY
WITH SUPPRESSION BURSTS

The term epileptic encephalopathy encompasses
several syndromes in which an encephalopa-
thy is associated with continuous epileptiform
activity. The onset of two syndromes, early
infantile epileptic encephalopathy (Ohtahara
syndrome) and early myoclonic encephalopa-
thy (Dulac, 2001), which may be the same dis-
order, is in the first 3 months of age. In one
patient from my practice, the seizures began
immediately after birth. Tonic spasms and
myoclonic seizures occur in each. Both are
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associated with serious underlying metabolic
or structural abnormalities. Some cases are
familial, indicating an underlying genetic dis-
order. Progression to infantile spasms and
the Lennox-Gastaut syndrome is common.
On EEG, a suppression pattern alternating
with bursts of diffuse, high-amplitude, spike-
wave complexes is recorded. These seizures
are refractory to most antiepileptic drugs.
The drugs recommended for infantile spasms
are used for these infants.

SEVERE MYOCLONIC EPILEPSY OF INFANCY

Severe myoclonic epilepsy of infancy (Dravet
syndrome) is an important but poorly under-
stood syndrome (Korff and Nordli, 2006).
Some patients show a mutation in the sodium-
channel gene (SCN1A). A seemingly healthy
infant has a seizure and then undergoes pro-
gressive neurological deterioration that results
in a chronic brain damage syndrome.

Clinical Features. A family history of epilepsy is
present in 25% of cases. The first seizures are
frequently febrile and usually prolonged and
can be generalized or focal clonic in type.
Febrile and nonfebrile seizures recur, some-
times as status epilepticus. Generalized myo-
clonic seizures appear after 1 year of age. At
first mild and difficult to recognize as a seizure
manifestation, they later become frequent and
repetitive and disturb function. Partial com-
plex seizures with secondary generalization
may also occur. Coincident with the onset of
myoclonic seizures are the slowing of develop-
ment and the gradual appearance of ataxia
and hyperreflexia.

Diagnosis. The initial differential diagnosis is
febrile seizures. The prolonged and some-
times focal nature of the febrile seizures raises
suspicion of symptomatic epilepsy. A specific
diagnosis is not possible until the appearance
of myoclonic seizures in the second year.
Interictal EEG findings are normal at first. Par-
oxysmal abnormalities appear in the second
year. These are characteristically generalized
spike-wave and polyspike-wave complexes with
a frequency greater than three cycles per sec-
ond. Photic stimulation, drowsiness, and quiet
sleep activate the discharges.

Management. The seizures are resistant to ther-
apy, but leviteracetam is often effective in combi-
nation with other antiepileptic drugs (Striano
et al, 2007). Carbamazepine may increase sei-
zure frequency.
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BIOTINIDASE DEFICIENCY

Genetic transmission of this relatively rare dis-
order is as an autosomal recessive trait (Wolf,
2007). The cause is defective biotin absorption
or transport and was previously called late-onset
multiple (holo) carboxylase deficiency.

Clinical Features. The initial features in un-
treated infants with profound deficiency are
seizures and hypotonia. Later features include
hypotonia, ataxia, developmental delay, vision
problems, hearing loss, and cutaneous abnor-
malities, followed by weakness, spastic paresis,
and decreased visual acuity.

Diagnosis. Ketoacidosis, hyperammonemia, and
organic aciduria are present. Showing biotini-
dase deficiency in serum, during newborn
screening, establishes the diagnosis. In pro-
found biotinidase deficiency, mean serum bioti-
nidase activity is less than 10% of normal. In
partial biotinidase deficiency, serum biotinidase
activity is 10% to 30% of normal.

Management. Early treatment with biotin, 5 to
20 mg/day, successfully reverses most of the
symptoms andmay prevent mental retardation.

LENNOX-GASTAUT SYNDROME

The triad of seizures (atypical absence, atonic,
and myoclonic), 1.5- to 2-Hz spike-wave com-
plexes onEEG, andmental retardation character-
ize Lennox-Gastaut syndrome. In most children,
the seizures are secondary to underlying brain
damage, but some are primary epilepsies. Frontal
lobe abnormalities are often associated.

Clinical Features. The peak age at onset is 3 to
5 years; less than half of the cases begin before
age 2. Approximately 60% have an identifiable
underlying cause. Neurocutaneous disorders
such as tuberous sclerosis, perinatal distur-
bances, and postnatal brain injuries are most
common. Twenty percent of children with
Lennox-Gastaut syndrome have a history of
infantile spasms, sometimes with a seizure-free
interval before the syndrome develops.

Most children are neurologically abnormal
before seizure onset. The first seizures are usu-
ally tonic but may be generalized tonic-clonic
or focal clonic. Stiffening of the body, upward
deviation of the eyes, dilatation of the pupils,
and alteration in the respiratory pattern
are the characteristic features of tonic sei-
zures. The seizures frequently occur during
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sleep, and enuresis may be an associated
condition.

Atypical absence seizures occur in almost
every patient. In addition to the stare, trem-
bling of the eyelids and mouth occurs, fol-
lowed by loss of facial tone so that the head
leans forward and the mouth hangs open.
Characteristic of atonic seizures is a sudden
dropping of the head or body, at times throw-
ing the child to the ground. Most children
with the syndrome function in the mentally
retarded range by 5 years of age.

Diagnosis. An EEG is essential for diagnosis.
The waking interictal EEG consists of an
abnormally slow background with characteris-
tic 1.5- to 2.5-Hz slow spike-wave interictal
discharges, often with an anterior predomi-
nance. Tonic seizures are associated with one
cycle per second slow waves followed by
generalized rapid discharges without postictal
depression.

In addition to EEG, looking for the under-
lying cause requires a thorough evaluation
with special attention to skin manifestations
that suggest a neurocutaneous syndrome (see
Table 1-8). MRI is useful for the diagnosis of
congenital malformations, postnatal disorders,
and neurocutaneous syndromes.

Management. Seizures are difficult to control
with drugs. Consider the ketogenic diet when
drugs fail. Valproate and clonazepam are usu-
ally the most effective drugs. Lamotrigine, fel-
bamate, and topiramate have shown promise
as add-on drugs. Vigabatrin may be the most
effective.
Migraine

Clinical Features. Migraine attacks are uncom-
mon in infancy, but when they occur, the clin-
ical features are often paroxysmal and suggest
the possibility of seizures. Cyclic vomiting is
probably the most common manifestation.
Attacks of vertigo (see Chapter 10) or torticol-
lis (see Chapter 14) may be especially perplex-
ing, and some infants have attacks in which
they rock back and forth and appear uncom-
fortable.

Diagnosis. The stereotypical presentation of
benign paroxysmal vertigo is recognizable as a
migraine variant.Other syndromesoften remain
undiagnosed until the episodes evolve into a typ-
ical migraine pattern. A history of migraine in
one parent, usually the mother, is essential for
diagnosis.

Management. As a rule, migraine drugs are not
an option for infants.
PAROXYSMAL DISORDERS
OF CHILDHOOD

As with infants, seizures are the usual first con-
sideration for any paroxysmal disorder of child-
hood. Seizures are the most common paro-
xysmal disorder requiring medical consultation.
Syncope, especially presyncope, is considerably
more common, but diagnosis and management
usually take place at home unless associated sym-
ptoms suggest a seizure.

Migraine is probably the most common
cause of paroxysmal neurological disorders
in childhood; its incidence is 10 times greater
than that of epilepsy. Migraine syndromes
that may suggest epilepsy are described in
Chapters 2, 3, 10, 11, 14, and 15. Several
links exist between migraine and epilepsy
(Winawer, 2007): (1) ion channel disorders
cause both; (2) both are genetic, paroxysmal,
and associated with transitory neurological
disturbances; and (3) migraine sufferers have
an increased incidence of epilepsy, and epilep-
tics have an increased incidence of migraine.
In children who have epilepsy and migraine,
both disorders may have a common aura and
one may provoke the other. Basilar migraine
(see Chapter 10) and benign occipital epilepsy
best exemplify the fine line between epilepsy
and migraine. Characteristics of both are sei-
zures, headache, and epileptiform activity.
Children who have both epilepsy and migraine
require treatment for each condition, but
some drugs (valproate and topiramate) serve
as prophylactic agents for both.
Paroxysmal Dyskinesia

Paroxysmal dyskinesia occurs in several different
syndromes. The best delineated are familial par-
oxysmal (kinesiogenic) choreoathetosis, paroxys-
mal nonkinesiogenic dyskinesia, supplementary
sensorimotor seizures, and paroxysmal nocturnal
dystonia. The clinical distinction between the first
two depends onwhethermovement provokes the
dyskinesia. The third and fourth are more clearly
epilepsies and are discussed elsewhere in this
chapter. A familial syndrome of exercise-induced
dystonia and migraine does not show linkage to
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any of the known genes for paroxysmal dyskine-
sias (Münchau et al, 2000). Channelopathies
account for all paroxysmal dyskinesias.
Familial Paroxysmal Choreoathetosis

Genetic transmission is as an autosomal domi-
nant trait, and the gene maps to chromosome
16p11.2. The disorder shares some clinical fea-
tures with benign familial infantile convul-
sions and paroxysmal choreoathetosis. All
three disorders map to the same region on
chromosome 16, suggesting that they may be
allelic disorders.

Clinical Features. Familial paroxysmal (kine-
siogenic) choreoathetosis usually begins in
childhood. Most cases are sporadic. Sudden
movement, startle, or changes in position pre-
cipitate an attack, which lasts less than a min-
ute. Several attacks occur each day. Each
attack may include dystonia, choreoathetosis,
or ballismus (see Chapter 14) and may affect
one or both sides of the body. Some patients
have an aura described as tightness or tingling
of the face or limbs.

Diagnosis. The clinical features distinguish
the diagnosis.

Treatment. Low doses of carbamazepine or
phenytoin are effective in stopping attacks.
Familial Paroxysmal Nonkinesiogenic
Dyskinesia

Genetic transmission of paroxysmal nonkine-
siogenic dyskinesia is as an autosomal domi-
nant trait (Spacey and Adams, 2005). The
MR1 gene on chromosome 2 is responsible.

Clinical Features. Paroxysmal nonkinesiogenic
dyskinesia usually begins in childhood or ado-
lescence. Attacks of dystonia, chorea, and
athetosis last from 5 minutes to several hours.
Precipitants are alcohol, caffeine, hunger,
fatigue, nicotine, and emotional stress. Preser-
vation of consciousness is a constant during
attacks, and life expectancy is normal.

Diagnosis. Molecular diagnosis is available on
a research basis. Ictal and interictal EEGs are
normal. Consider children with EEG evidence
of epileptiform activity to have a seizure disor-
der and not a paroxysmal dyskinesia.
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Management. Paroxysmal nonkinesiogenic dys-
kinesia is difficult to treat, but clonazepam
taken daily or at the first sign of an attack
may reduce the frequency or severity of attacks.
Gabapentin is effective in some children.
Hyperventilation Syndrome

Hyperventilation induces alkalosis by altering
the proportion of blood gases. This is easier
to accomplish in children than in adults.

Clinical Features. During times of emotional
upset, the respiratory rate and depth may
increase insidiously, first appearing like sigh-
ing and then as obvious hyperventilation.
The occurrence of tingling of the fingers dis-
turbs the patient further and may induce
greater hyperventilation. Headache is an asso-
ciated symptom. Allowing hyperventilation to
continue may result in loss of consciousness.

Diagnosis. The observation of hyperventilation
as a precipitating factor of syncope is essential
to the diagnosis. Often patients are unaware
that they were hyperventilating, but probing
questions elicit the history in the absence of
a witness.

Management. Breathing into a paper bag aborts
an attack in progress.

Sleep Disorders

Narcolepsy-Cataplexy

Narcolepsy-cataplexy is a sleep disorder charac-
terized by an abnormally short latency from
sleep onset to rapid eyemovement (REM) sleep.
A person with narcolepsy attains REM sleep
in less than 20 minutes instead of the usual
90 minutes. Characteristic of normal REM
sleep are dreaming and severe hypotonia. In
narcolepsy-cataplexy, these phenomena occur
during wakefulness.

Human narcolepsy, unlike animal narco-
lepsy, is not a simple genetic trait (Scammell,
2003). Evidence suggests an immunologically
mediated destruction of hypocretin-containing
cells in human narcolepsy. An alternate name
for hypocretin is orexin. Most cases of human
narcolepsy with cataplexy have decreased hypo-
cretin 1 in the cerebrospinal fluid (Nishino,
2007) and an 85% to 95% reduction in
the number of orexin/hypocretin-containing
neurons.
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Clinical Features. Onset may occur at any time
from early childhood to middle adulthood,
usually in the second or third decade and
rarely before the age of 5. The syndrome has
five components:

1. Narcolepsy refers to short sleep attacks.
Three or four attacks occur each day,
most often during monotonous activity,
and are difficult to resist. Half of the
patients are easy to arouse from a sleep
attack, and 60% feel refreshed after-
ward. Narcolepsy is usually a lifelong
condition.

2. Cataplexy is a sudden loss of muscle tone
induced by laughter, excitement, or star-
tle. Almost all patients who have narco-
lepsy have cataplexy as well. The patient
may collapse to the floor and then rise
immediately. Partial paralysis, affecting
just the face or hands, is more common
than total paralysis. Two to four attacks
occur daily, usually in the afternoon.
They are embarrassing but do not cause
physical harm.

3. Sleep paralysis occurs in the transition
between sleep and wakefulness. The
patient is mentally awake but unable to
move because of generalized hypotonia.
Partial paralysis is less common. The
attack may end spontaneously or when
the patient is touched. Two thirds of
patients with narcolepsy-cataplexy also
experience sleep paralysis once or twice
each week. Occasional episodes of sleep
paralysis may occur in people who do
not have narcolepsy-cataplexy.

4. Hypnagogic hallucinations are vivid, usu-
ally frightening, visual and auditory per-
ceptions occurring at the transition
between sleep and wakefulness: a sensa-
tion of dreaming while awake. These
are an associated event in half of the
patients with narcolepsy-cataplexy. Epi-
sodes occur less than once a week.

5. Disturbed night sleep occurs in 75% of cases
and automatic behavior in 30%. Automatic
behavior is characterized by repeated per-
formance of a function such as speaking
or writing in a meaningless manner or
driving on the wrong side of the road or
to a strange place without recalling the
episode. These episodes of automatic
behavior may result from partial sleep
episodes.
Diagnosis. Syndrome recognition is by the
clinical history. However, the symptoms are
embarrassing or sound “crazy,” and consider-
able prompting is required before patients
divulge a full history. Narcolepsy can be diffi-
cult to distinguish from other causes of exces-
sive daytime sleepiness. The multiple sleep
latency test is the standard for diagnosis.
Patients with narcolepsy enter REM sleep
within a few minutes of falling asleep.

Management. Symptoms of narcolepsy tend
to worsen during the first years and then
stabilize, whereas cataplexy tends to improve
with time. Two scheduled 15-minute naps
each day can reduce excessive sleepiness. Most
patients also require pharmacological therapy.

Modafinil, a wake-promoting agent distinct
from stimulants, has proven efficacy for narco-
lepsy and is the first drug of choice. The adult
dose is 200 mg each morning, and, although
not approved for children, decreased doses,
depending on the child’s weight, are com-
monly used. If modafinil fails, methylpheni-
date or pemoline is usually prescribed for
narcolepsy but should be given with some cau-
tion because of the potential for abuse. Use
small doses on schooldays or workdays and
no medicine, if possible, on weekends and hol-
idays. When not taking medicine, patients
should be encouraged to schedule short naps.

Treatment for cataplexy includes selective
serotonin reuptake inhibitors, clomipramine,
and protriptyline.

Sleep (Night) Terrors and Sleepwalking

Sleep terrors and sleepwalking are a partial
arousal from non-REM sleep. A positive family
history is common.

Clinical Features. The onset usually occurs by
4 years of age and always by age 6. Two hours
after falling asleep, the child awakens in a ter-
rified state, does not recognize people, and is
inconsolable. An episode usually lasts for 5 to
15 minutes but can last for an hour. During
this time, the child screams incoherently,
may run if not restrained, and then goes back
to sleep. Afterward, the child has no memory
of the event.

Most children with sleep terrors experience
an average of one or more episodes each
week. Night terrors stop by 8 years of age in
one half of affected children but continue into
adolescence in one third.
Diagnosis. Half of the children with night ter-
rors are also sleepwalkers, and many have a
family history of either sleepwalking or sleep
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terrors. The history alone is the basis for
diagnosis. A sleep laboratory evaluation often
shows that children with sleep terrors have
sleep-disordered breathing (Guilleminault
et al, 2003).

Management. Sleep terrors and sleepwalking
are often ended by correcting the breathing
disturbance.
Stiff Infant Syndrome
(Hyperexplexia)

Five different genes are associated with this
syndrome. Both autosomal dominant and
autosomal recessive forms exist (de Koning-
Tijssen and Rees, 2007).

Clinical Features. The onset is at birth or early
infancy. When the onset is at birth, the new-
born may appear hypotonic during sleep and
develop generalized stiffening on awakening.
Apnea and an exaggerated startle response
are associated signs. Hypertonia in the new-
born is unusual. Rigidity diminishes but does
not disappear during sleep. Tendon reflexes
are brisk, and the response spreads to other
muscles.

The stiffness resolves spontaneously during
infancy, and by 3 years of age, most children
are normal; however, episodes of stiffness
may recur during adolescence or early adult
life in response to startle, cold exposure, or
pregnancy. Throughout life, affected indivi-
duals show a pathologically exaggerated startle
response to visual, auditory, or tactile stimuli
that would not startle normal individuals. In
some, the startle is associated with a transitory
generalized stiffness of the body that causes
falling without protective reflexes, often lead-
ing to injury. The stiffening response is often
confused with the stiff man syndrome (see
Chapter 8).

Other findings include periodic limb move-
ments in sleep and hypnagogic (occurring
when falling asleep) myoclonus. Intellect is
usually normal.
Diagnosis. A family history of startle disease
aids in the diagnosis, but often is lacking. In
startle disease, unlike startle-provoked epilepsy,
the EEG is always normal.
Management. Clonazepam is the most useful
agent for decreasing the attack frequency.
26
Valproate and levetiracetam are also useful.
Affected infants improve with time.
Syncope

Syncope is loss of consciousness because of a
transitory decrease in cerebral blood flow.
The pathological causes include an irregular
cardiac rate or rhythm and alterations of
blood volume or distribution. However, syn-
cope is a common event in otherwise healthy
children, especially in the second decade.
Laboratory testing is rarely necessary.

Clinical Features. The mechanism is a vasova-
gal reflex by which an emotional experience
produces peripheral pooling of blood. Other
stimuli that provoke the reflex are overexten-
sion or sudden decompression of viscera, the
Valsalva maneuver, and stretching with the neck
hyperextended. Fainting in a hot, crowded
church is especially common. Usually, the faint
occurs as the worshipper rises after prolonged
kneeling.

Healthy children do not faint while lying
down and rarely while seated. Fainting from
anything but standing or rising suggests a car-
diac arrhythmia and requires further investiga-
tion. The child may first feel faint (described
as faint, dizzy, or light-headed) or may lose con-
sciousness without warning. The face drains of
color, and the skin is cold and clammy.With loss
of consciousness, the child falls to the floor. The
body stiffens and the limbs tremble. The latter is
not a seizure, and the trembling movements
never appear tonic-clonic. The stiffening and
trembling are especially common, and keeping
the child upright prolongs the decreased cere-
bral blood flow. This is common in a crowded
church where the pew provides no room to fall
and bystanders attempt to bring the child out-
side “for air.” A short period of confusion may
follow, but recovery is complete within minutes.

Diagnosis. The criteria for differentiating syn-
cope from seizures are the precipitating factors
and the child’s appearance. Seizures do not pro-
duce pallor and cold, clammy skin. Always
inquire about the child’s facial color in all initial
evaluations of seizures. Laboratory investiga-
tions are not cost-effective when syncope occurs
in expected circumstances and the results of
the clinical examination are normal. Recurrent
orthostatic syncope requires investigation of
autonomic function, and any suspicion of car-
diac abnormality deserves electrocardiographi-
cal monitoring. Always ask the child whether he
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or she had an irregular heart rate or beat at the
time of syncope or at other times.

Management. Infrequent episodes of syncope
of obvious cause do not require treatment.
Holding deep inspiration at the onset of symp-
toms may abort an attack (Norcliffe-Kauffman
et al, 2008).

Staring Spells

Daydreaming is a pleasant escape for people
of all ages. Children feel the need for escape
most acutely when in school and may stare
vacantly out the window to the place where
they would rather be. Daydreams can be hard
to interrupt, and a child may not respond to
verbal commands. Neurologists and pediatri-
cians often recommend EEG studies for day-
dreamers. Sometimes EEG shows sleep-
activated central spikes or another abnormal-
ity not related to staring, which may lead the
physician to prescribe inappropriate antiepi-
leptic drug therapy.

Staring spells are characteristic of absence
epilepsies and complex partial seizures. They
are usually distinguishable because absence is
brief (5–15 seconds) and the child feels nor-
mal immediately afterward, whereas complex
partial seizures usually last for more than 1
minute and are followed by fatigue. The asso-
ciated EEG patterns and the response to treat-
ment are quite different, and the basis for
appropriate treatment is precise diagnosis
before initiating treatment.

Absence seizures occur in four epileptic
syndromes: childhood absence epilepsy, juve-
nile absence epilepsy, juvenile myoclonic epi-
lepsy (JME), and epilepsy with grand mal
seizure on awakening. All four syndromes are
genetic disorders transmitted as autosomal
dominant traits. The phenotypes have consid-
erable overlap. The most significant difference
is the age at onset.

Absence Epilepsy

Childhood absence epilepsy usually begins
between 5 and 8 years of age. As a rule, later
onset is more likely to represent JME, with a
higher frequency of generalized tonic-clonic
seizures and persistence into adult life.

Clinical Features. The reported incidence in
families of children with absence epilepsy var-
ies from 15% to 40%. Concurrence in monozy-
gotic twins is 75% for seizures and 85% for the
characteristic EEG abnormality.
Affected children are otherwise healthy.
Typical attacks last for 5 to 10 seconds and
occur as many as 100 times each day. The child
stops ongoing activity, stares vacantly, some-
times with rhythmic movements of the eyelids,
and then resumes activity. Aura and postictal
confusion never occur. Longer seizuresmay last
as long as 1 minute and are indistinguishable
by observation alone from complex partial
seizures. Associated features may include
myoclonus, increased or decreased postural
tone, picking at clothes, turning of the head,
and conjugate movements of the eyes. Occa-
sionally, prolonged absence status causes con-
fusional states in children and adults. These
often require emergency department visits
(see Chapter 2).

Approximately 50% of children with absence
epilepsy have at least one generalized tonic-
clonic seizure. Many first come to medical care
because of a generalized tonic-clonic seizure,
even though absence seizure attacks have
occurred undiagnosed for months or years.
The occurrence of a generalized tonic-clonic sei-
zure in an untreated child does not change the
diagnosis, prognosis, or treatment plan.
Diagnosis. The background rhythms in patients
with typical absence seizures usually are nor-
mal. The ictal EEG pattern for typical absence
seizures is a characteristic 3-Hz spike-and-wave
pattern lasting less than 3 seconds that may
cause no clinical changes (Fig. 1-3). Longer
paroxysms of three cycles per second spike-
wave complexes are concurrent with the clini-
cal seizure. The amplitude of discharge is great-
est in the frontocentral regions. Although the
discharge begins with a frequency of three
cycles per second, it may slow to two cycles
per second as it ends.

Hyperventilation usually activates the dis-
charge. The interictal EEG is usually normal,
but when abnormal, the typical features are
focal or multifocal spike discharges or diffuse
slowing. Children with interictal abnormalities
are more likely to have mental retardation or
developmental delay.

Although the EEG pattern of discharge is
stereotyped, variations on the theme in the
form of multiple spike-and-wave discharges
are also acceptable. During sleep, the dis-
charges often lose their stereotypy and
become polymorphic in form and frequency
but remain generalized. Once a correlation
between clinical and EEG findings is made,
looking for an underlying disease is unneces-
sary. The distinction between absence epilepsy
27



Fp1–F3

F3–C3

C3–P3

P3–O1

Fp2–F4

F4–C4

C4–P4

P4–O2

Figure 1-3 Absence epilepsy. A generalized burst of three cycles per second spike-wave complexes
appears during hyperventilation.
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and JME (see “Myoclonic Seizures”) is the age
at onset and absence of myoclonic seizures.

Management. Ethosuximide and valproate are
equally effective in the treatment of absence
epilepsy, with each providing complete relief
of seizures in 80% of children. Ethosuximide
is preferred because of its lower incidence
of serious side effects. If neither drug alone
provides seizure control, use them in combina-
tion at reduced doses or substitute another
drug. Lamotrigine is more effective than
leviteracetam (see “Lamotrigine” for precau-
tions concerning the combination of valproate
and lamotrigine). The EEG becomes normal
if treatment is successful, and repeat EEG is
useful to confirm the seizure-free state.

Clonazepam is sometimes useful in the
treatment of refractory absence epilepsy.
Carbamazepine may accentuate the seizures
and cause absence status.

Complex Partial Seizures

Complex partial seizures arise in the cortex,
most often the temporal lobe, but can originate
in the frontal and parietal lobes as well.
Complex partial seizures (discussed more fully
in a later section) may be symptomatic of an
underlying focal disorder.

Clinical Features. Impaired consciousness with-
out generalized tonic-clonic activity charac-
terizes complex partial seizures. Amnesia and
complete lack of awareness of the event are
essential features. They occur spontaneously
or are sleep activated. Most seizures last 1 to
2 minutes and rarely less than 30 seconds. Less
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than 30% of children report an aura. The aura
is usually a nondescript unpleasant feeling,
but may also be a stereotyped auditory halluci-
nation or abdominal discomfort. The first fea-
ture of the seizure can be staring, automatic
behavior, tonic extension of one or both arms,
or loss of body tone. Staring is associated with
a change in facial expression and followed by
automatic behavior.

Automatisms are more or less coordinated,
involuntary motor activity occurring during a
state of impaired consciousness either in the
course of or after an epileptic seizure and are
usually followed by amnesia. They vary from
facial grimacing and fumbling movements of
the fingers to walking, running, and resisting
restraint. Automatic behavior in a given patient
tends to be similar from seizure to seizure.

The seizure usually terminates with a period
of postictal confusion, disorientation, or leth-
argy. Transitory aphasia is sometimes present.
Secondary generalization is likely if the child
is not treated or if treatment is abruptly
withdrawn.

Partial complex status epilepticus is a rare
event, characterized by impaired consciousness,
staring alternating with wandering eye move-
ments, and automatisms of the face and hands.
Such children may arrive at the emergency
department in a confused or delirious state
(see Chapter 2).

Diagnosis. The etiology of complex partial sei-
zures is heterogeneous, and a cause is often
not determined. Contrast-enhanced MRI is
an indicated study in all cases. It may reveal a
low-grade glioma or dysplastic tissue, especially
migrational defects.
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Perform EEG in both the waking and sleep-
ing states. Hyperventilation and photic stimula-
tion are not useful as provocative measures.
Results of a single EEG may be normal in the
interictal period, but prolonged EEGs usually
reveal either a spike or a slow-wave focus in
the frontal or temporal lobe or multifocal
abnormalities. During the seizure, repetitive
focal spike discharges occur in the involved
area of the cortex, which change to spike and
slow-wave complexes and then slow waves with
amplitude attenuation as the seizure ends.

Management. Phenytoin, carbamazepine, oxcar-
bazepine, and valproate are effective for seizure
control. Cost, side effects, and dosing schedule
are the basis for choosing one or another. Topir-
amate and levetiracetam are useful as add-on
therapy in children whose seizures are hard to
control. Consider temporal lobe surgery when
seizures are refractory to drugs (see “Surgical
Approaches to Childhood Epilepsy”).
Eyelid Myoclonia with or without
Absences (Jeavons Syndrome)

Jeavons syndrome is a distinct syndrome.

Clinical Features. Children present at ages 2
to 14 years with eye closure–induced seizures
(eyelid myoclonia), photosensitivity, and EEG
paroxysms, which may be associated with
absence. Eyelid myoclonia, a jerky upward
deviation of the eyeballs and retropulsion of
the head, is the key feature. The seizures are
brief, but occur multiple times per day. In
addition to eye closure, bright light, not just
flickering light, may precipitate seizures.
Jeavons syndrome appears to be a lifelong
condition. The eyelid myoclonia is resistant
to treatment. The absences are responsive to
typical antiepileptic medication.

An apparently separate condition, perioral
myoclonia with absences, also occurs in children.
A rhythmic contraction of the orbicularis oris
muscle causes protrusion of the lips and con-
tractions of the corners of the mouth. Absence
and generalized tonic-clonic seizures may
occur. Such children are prone to develop
absence status epilepticus.

Diagnosis. Reproduce the typical features with
video EEG.

Treatment. Treatment is similar to that of the
other idiopathic generalized epilepsies.
Myoclonic Seizures

Myoclonus is a brief, involuntary muscle con-
traction (jerk) that may represent (1) a seizure
manifestation, as in infantile spasms; (2) a
physiological response to startle or to falling
asleep; or (3) an involuntary movement either
alone or in combination with tonic-clonic sei-
zures (see Table 14-8). Myoclonic seizures are
often difficult to distinguish from myoclonus
(the movement disorder) on clinical grounds
alone. Chapter 14 discusses essential myoclonus
and other nonseizure causes of myoclonus.
Juvenile Myoclonic Epilepsy

JME is a hereditary disorder, probably inher-
ited as an autosomal dominant trait (Wheless
and Kim, 2002). It accounts for as many as
10% of all cases of epilepsy. Many different
genetic loci produce JME syndromes.
Clinical Features. JME occurs in both genders
with equal frequency. Seizures in affected chil-
dren and their affected relatives may be tonic-
clonic, myoclonic, or absence. The usual age
at onset of absence seizures is 7 to 13 years; of
myoclonic jerks, 12 to 18 years; and of gene-
ralized tonic-clonic seizures, 13 to 20 years.

The myoclonic seizures are brief and bilat-
eral, but not always symmetrical, flexor jerks
of the arms, which may be repetitive. The jerk
sometimes affects the legs, causing the
patient to fall. Most myoclonic jerks occur in
the morning. Consciousness is not impaired,
so the patient is aware of the jerking move-
ment. Seizures are precipitated by sleep dep-
rivation, alcohol ingestion, and awakening
from sleep.

Most patients also have generalized tonic-
clonic seizures, and one third experience
absence. All are otherwise normal neurologi-
cally. The potential for seizures of one type
or another continues throughout adult life.
Diagnosis. Delays in diagnosis are common,
often until a generalized tonic-clonic seizure
brings the child to medical attention. Ignoring
the myoclonic jerks is commonplace. Suspect
JME in any adolescent driver involved in a
motor vehicle accident when the driver has
no memory of the event, but did not sustain
a head injury. The interictal EEG in JME
consists of bilateral, symmetrical spike and
polyspike-and-wave discharges of 3.5 to 6 Hz,
usually maximal in the frontocentral regions
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Table 1-10 Progressive Myoclonus Epilepsies

Ceroid lipofuscinosis, juvenile form (see Chapter 5)
Glucosylceramide lipidosis (Gaucher type 3) (see
Chapter 5)

Lafora disease
Myoclonus epilepsy and ragged-red fibers (see
Chapter 5)

Ramsay Hunt syndrome (see Chapter 10)
Sialidoses (see Chapter 5)
Unverricht-Lundborg disease

Fp1–F3

F3–C3

C3–P3

P3–O1

Fp2–F4

F4–C4

C4–P4

P4–O2

Figure 1-4 Juvenile myoclonic epilepsy. The interictal discharge is a 3.5 to 6 cycles per second multispike-
wave complex.
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(Fig. 1-4). Photic stimulation often provokes a
discharge. Focal EEG abnormalities may
occur.

Management. Levetiracetam is excellent ther-
apy and stops seizures in almost all cases
(Sharpe et al, 2008). Other effective drugs
include valproate, lamotrigine, and topira-
mate. Treatment is lifelong.

Progressive Myoclonus Epilepsies

The term progressive myoclonus epilepsies is used
to cover several progressive disorders of the
nervous system characterized by (1) myoclo-
nus; (2) seizures that may be tonic-clonic,
tonic, or myoclonic; (3) progressive mental
deterioration; and (4) cerebellar ataxia, invol-
untary movements, or both. Some of these dis-
orders are due to specific lysosomal enzyme
deficiencies, whereas others are probably
mitochondrial disorders (Table 1-10).

LAFORA DISEASE

Lafora disease is a rare hereditary disease
transmitted by autosomal recessive inheritance
(Jansen and Andermann, 2007). A mutation
in the EPM2A gene, encoding for laforin, a
tyrosine kinase inhibitor, is responsible for
80% of patients with Lafora disease. Laforin
may play a role in the regulation of glycogen
metabolism.

Clinical Features. Onset is between 11 and 18
years of age, with a mean age of 14. Tonic-
clonic or myoclonic seizures are the initial fea-
ture in 80%of cases. Hallucinations from occip-
ital seizures are common. Myoclonus becomes
progressively worse, may be segmental or
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massive, and increases with movement. Mental
retardation begins early and is relentlessly pro-
gressive. Ataxia, spasticity, and involuntary
movements occur late in the course. Death
occurs 5 to 6 years after the onset of symptoms.

Diagnosis. The EEG is normal at first and later
develops nonspecific generalized polyspike dis-
charges during the waking state. The back-
ground becomes progressively disorganized and
epileptiform activity more constant. Photosensi-
tive discharges are a regular feature late in the
course. The basis for diagnosis is the detection
of one of the two known associated mutations.

Management. The seizures become refractory
to most antiepileptic drugs. Some combination
of valproate, clonazepam, and phenobarbital is
often tried. Treatment of the underlying dis-
ease is not available.

UNVERRICHT-LUNDBORG DISEASE

Unverricht-Lundborg disease is clinically simi-
lar to Lafora disease, except that inclusion
bodies are not present. Genetic transmission
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is by autosomal recessive inheritance. Most
reports of the syndrome are from Finland
and other Baltic countries, but distribution is
worldwide. Mutations in the cystatin B gene
cause defective function of a cysteine protease
inhibitor (Lehesjoki and Koskiniemi, 2004).

Clinical Features. Onset is usually between 6
and 15 years of age. The main features are
stimulus-sensitive myoclonus and tonic-clonic
epileptic seizures. As the disease progresses,
other neurological symptoms appear.

Diagnosis. EEG shows marked photosensitivity.
Genetic molecular diagnosis is available.

Management. Valproate has been the drug
of choice. Levetiracetam may be of equal
value (Crest et al, 2004). Treatment often
stops the tonic-clonic seizures and stabilizes
the myoclonus.

Partial Seizures

This section discusses several different seizure
types of focal cortical origin other than com-
plex partial seizures. Such seizures may be
purely motor or purely sensory or may affect
higher cortical function. The benign childhood
partial epilepsies are a common cause of
partial seizures in children. Benign centrotem-
poral (rolandic) epilepsy and benign occipital
epilepsy are the usual forms. The various
benign partial epilepsy syndromes begin and
cease at similar ages, have a similar course,
and occur in members of the same family.
They may be different phenotypic expressions
of the same genetic defect.

Partial seizures are also secondary to under-
lying diseases, which can be focal, multifocal,
or generalized. Neuronal migrational disor-
ders and gliomas often cause intractable
partial seizures (Porter et al, 2003). MRI is a
recommended study for all children with focal
clinical seizures, seizures associated with a focal
abnormality on EEG, or a new or progressing
neurological deficit.

Cerebral cysticercosis is an important cause
of partial seizures in Mexico and Central
America and is now common in the South-
western United States (Carpio and Hauser,
2002) and becoming more common in contig-
uous regions. Ingestion of poorly cooked pork
containing cystic larvae of the tapeworm Tae-
nia solium causes the infection.

Any seizure that originates in the cortex
may discharge into the brainstem, causing a
generalized tonic-clonic seizure (secondary
generalization). If the discharge remains loca-
lized for a few seconds, the patient experi-
ences a focal seizure or an aura before losing
consciousness. Often the secondary generali-
zation occurs so rapidly that a tonic-clonic sei-
zure is the initial symptom. In such cases, the
cortical origin of the seizure may be detectable
on EEG. However, normal EEG findings are
common during a simple partial seizure and
do not exclude the diagnosis.

Acquired Epileptiform Aphasia

Acquired aphasia in children associated with
epileptiform activity on EEG is Landau-Kleffner
syndrome. The syndrome appears to be a disor-
der of auditory processing. The cause is
unknown except for occasional cases asso-
ciated with temporal lobe tumors.

Clinical Features. Age at onset ranges from 2 to
11 years, with 75% beginning between 3 and
10 years. The first symptom may be aphasia
or epilepsy. Auditory verbal agnosia is the
initial characteristic of aphasia. The child has
difficulty understanding speech and stops
talking. “Deafness” or “autism” develops. Sev-
eral seizure types occur, including generalized
tonic-clonic, partial, and myoclonic seizures
(Camfield and Camfield, 2002). Atypical
absence is sometimes the initial feature and
may be associated with continuous spike and
slow waves during slow-wave sleep. Hyperactiv-
ity and personality change occur in half of
affected children, probably caused by aphasia.
Intelligence is not affected, and the neurolog-
ical examination is otherwise normal.

Recovery of language is more likely to occur
if the syndrome begins before 7 years of age.
Seizures cease generally by age 10 and always
by age 15.

Diagnosis. Acquired epileptiform aphasia, as
the name implies, is different from autism
and hearing loss because the diagnosis
requires that the child have normal language
and cognitive development before the onset
of symptoms and normal hearing. The EEG
shows multifocal cortical spike discharges with
a predilection for the temporal and parietal
lobes. Involvement is bilateral in 88% of cases.
An intravenous injection of diazepam may
normalize the EEG and transiently improve
speech, but this should not suggest that epi-
leptiform activity causes the aphasia. Instead,
both features reflect an underlying cerebral
disorder. Every child with the disorder
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requires cranial MRI to exclude the rare possi-
bility of a temporal lobe tumor.

Management. Standard antiepileptic drugs such
as carbamazepine and phenytoin usually con-
trol the seizures but do not improve speech.
Corticosteroid therapy, especially early in the
course, may normalize the EEG and provide
long-lasting remission of aphasia and sei-
zures. One 5-year-old girl showed improved
language and control of seizures with levetira-
cetam monotherapy, 60 mg/kg/day (Kossoff
et al, 2003).

Acquired Epileptiform Opercula
Syndrome

This syndrome and autosomal dominant rolandic
epilepsy and speech apraxia are probably the
same entity. They are probably different from
acquired epileptiform aphasia, but may repre-
sent a spectrum of the same underlying dis-
ease process.

Clinical Features. Onset is before age 10 years.
Brief nocturnal seizures occur that mainly
affect the face and mouth but may become sec-
ondarily generalized. Oral dysphasia, inability
to initiate complex facial movements (blowing
out a candle), speech dysphasia, and drooling
develop concurrently with seizure onset. Cogni-
tive dysfunction is associated. Genetic transmis-
sion is by autosomal dominant inheritance with
anticipation.

Diagnosis. The EEG shows centrotemporal dis-
charges or status epilepticus during slow-wave
sleep.

Management. The dysphasia does not respond
to antiepileptic drugs.

Autosomal Dominant Nocturnal Frontal
Lobe Epilepsy

Bizarre behavior and motor features during
sleep are the characteristics of this epilepsy
syndrome, often misdiagnosed as a sleep or
psychiatric disorder. Several different gene
loci are identifiable among families.

Clinical Features. Seizures begin in childhood
and usually persist into adult life. The seizures
occur in non-REM sleep, and sudden awaken-
ings with brief hyperkinetic or tonic manifesta-
tions are characteristic. Patients frequently
remain conscious and often report auras of
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shivering, tingling, epigastric or thoracic sen-
sations, as well as other sensory and psychic
phenomena.

Clusters of 4 to 11 seizures, each lasting less
than a minute, occur in one night. Video-EEG
recordings demonstrate partial seizures origi-
nating in the frontal lobe. A vocalization, usu-
ally a gasp or grunt that awakens the child, is
common. Other auras include sensory sensa-
tions, psychic phenomena (e.g., fear, malaise),
shivering, and difficulty breathing. Thrashing
or tonic stiffening with superimposed clonic
jerks follows. The eyes are open, and the indi-
vidual is aware of what is happening; many sit
up and try to grab on to a bed part.

Diagnosis. The family history is important to
the diagnosis, but many family members may
not realize that their own attacks are seizures
or want others to know that they experience
such bizarre symptoms. Interictal EEG is usu-
ally normal, and concurrent video-EEG is
often required to capture the event, which
reveals generalized discharges with diffuse dis-
tribution. Often, movement artifact obscures
the initial ictal EEG study. Children who have
seizures when awake and no family history of
epilepsy may have supplementary sensorimo-
tor seizures.

Management. Oxcarbazepine is usually effec-
tive in preventing seizures.

Childhood Epilepsy with Occipital
Paroxysms

Two genetic occipital epilepsies are separable
because of different genetic abnormalities.

BENIGNOCCIPITAL EPILEPSY
OF CHILDHOOD

Genetic transmission is by autosomal domi-
nant inheritance. It may be a phenotypic
variation of benign rolandic epilepsy. Both
epilepsies are commonly associated with
migraine.

Clinical Features. Age at onset is usually
between 4 and 8 years. One third of patients
have a family history of epilepsy, frequently
benign rolandic epilepsy. The initial seizure
manifestation can consist of (1) visual halluci-
nations, usually flashing lights or spots;
(2) blindness, hemianopia, or complete amau-
rosis; (3) visual illusions, such as micropsia,
macropsia, and metamorphasia; or (4) loss of
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consciousness lasting for as long as 12 hours.
More than one feature may occur simulta-
neously. Unilateral clonic seizures, complex
partial seizures, or generalized tonic-clonic sei-
zures follow the visual aura. Afterward, the
child may have migraine-like headaches and
nausea. Attacks occur when the child is awake
or asleep, but they are most frequent at the
transition from wakefulness to sleep. Photic
stimulation or playing video games may
induce seizures.

Diagnosis. The results of the neurological
examination, CT, and MRI are normal. Inter-
ictal EEG shows unilateral or bilateral high-
amplitude occipital spike-wave discharges
with a frequency of 1.5 to 2.5 cycles per sec-
ond. Eye opening enhances the discharges;
light sleep inhibits them. There is a similar
interictal pattern in some children with
absence epilepsy, suggesting a common ge-
netic disorder among different benign genetic
epilepsies. During a seizure, rapid firing of
spike discharges occurs in one or both occip-
ital lobes.

Epilepsy associated with ictal vomiting is a vari-
ant of benign occipital epilepsy (Panayioto-
poulos, 1999). Seizures occur during sleep;
vomiting, eye deviation, speech arrest, or
hemiconvulsions are characteristic.

Management. Standard antiepileptic drugs usu-
ally provide complete seizure control. Typical
seizures never persist beyond 12 years of age.
However, not all children with occipital dis-
charges have a benign epilepsy syndrome.
Persistent or hard-to-control seizures raise
the question of a structural abnormality in the
occipital lobe and require MRI examination.
PANAYIOTOPOULOS SYNDROME

Clinical Features. Age at onset of Panayioto-
poulos syndrome is 3 to 6 years, but the range
extends from 1 to 14 years. Seizures usually
occur in sleep, and autonomic and behavioral
features predominate. These include vomit-
ing, pallor, sweating, irritability, and tonic eye
deviation. The seizures last for hours in one
third of patients. Seizures are infrequent, and
the overall prognosis is good, with remission
occurring in 1 to 2 years. One third of chil-
dren have only one seizure.

Diagnosis. Interictal EEG shows runs of high
amplitude 2- to 3-Hz sharp- and slow-wave
complexes in the posterior quadrants. Many
children may have centrotemporal or frontal
spikes. Ictal EEG in Panayiotopoulos syn-
drome shows posterior slowing.

Children with idiopathic photosensitive
occipital epilepsy present between 5 and 17
years of age. Television and video games
induce seizures. The seizures begin with color-
ful, moving spots in the peripheral field of
vision. With progression of the seizure, tonic
head and eye version develops with blurred
vision, nausea, vomiting, sharp pain in the
head or orbit, and nonresponsiveness. Cogni-
tive status, the neurological examination, and
brain imaging are normal. Interictal EEG
shows bilateral synchronous or asynchronous
occipital spikes and spike-wave complexes.
Intermittent photic stimulation may induce
an occipital photoparyoxysmal response and
generalized discharges. Ictal EEG shows occip-
ital epileptiform activity that may shift from
one side to the other. This epilepsy requires
distinction from idiopathic generalized epi-
lepsy with photosensitivity.

Management. Standard antiepileptic drugs usu-
ally accomplish seizure control. Treatment is
unnecessary when seizures are infrequent.

Benign Childhood Epilepsy
with Centrotemporal Spikes

Benign rolandic epilepsy is an alternate name for
benign childhood epilepsy with centrotemporal
spikes. Genetic transmission is as an autosomal
dominant trait. Forty percent of close relatives
have a history of febrile seizures or epilepsy.

Clinical Features. Age at onset is between 3 and
13 years, with a peak at 7 to 8 years. Seizures
usually stop spontaneously by age 14. Even
without drug therapy, 10% of patients have
only one seizure, 70% have infrequent sei-
zures, and only 20% have frequent seizures.
With drug therapy, 20% have isolated sei-
zures and 6% have frequent seizures. Seventy
percent of children have seizures only while
asleep, 15% only when awake, and 15% when
both awake and asleep.

The typical seizure wakes the child from
sleep. Paresthesias occur on one side of the
mouth, followed by ipsilateral twitching of
the face, mouth, and pharynx, resulting in
speech arrest and drooling. Consciousness is
preserved. The seizure lasts for 1 or 2 minutes.
Daytime seizures do not generalize, but noc-
turnal seizures in children younger than 5
years old often spread to the arm or evolve
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into a generalized tonic-clonic seizure. Some
children with benign childhood epilepsy with
centrotemporal spikes have cognitive or be-
havioral problems, particularly difficulty with
sustained attention, reading, and language
processing.

Diagnosis. When evaluating a child for a first
nocturnal generalized tonic-clonic seizure,
ask the parents whether the child’s mouth
was “twisted.” If they answer affirmatively, the
child probably has benign childhood epilepsy
with centrotemporal spikes. Parents never
report this observation spontaneously.

Results of neurological examination and
brain imaging studies are normal. Interictal
EEG shows unilateral or bilateral spike dis-
charges in the central or centrotemporal
region. The spikes are typically of high voltage
and activated by drowsiness and sleep. The fre-
quency of spike discharge does not correlate
with the subsequent course. Children with
both typical clinical seizures and typical EEG
abnormalities, especially with a positive family
history, do not require neuroimaging. How-
ever, those with atypical features or hard-to-
control seizures require MRI to exclude a
low-grade glioma.

Management. A single nocturnal seizure does
not require treatment. A single bedtime dose
of an antiepileptic drug is often sufficient for
repeated nocturnal seizures. I treat those with
frequent seizures until age 14. Most children
eventually stop having seizures whether they
are treated or not. However, I am impressed
that in many, the epilepsy is not so benign
and continues into adult life.

Electrical Status Epilepticus
during Slow-Wave Sleep

In electrical status epilepticus during slow-
wave sleep, sleep induces paroxysmal EEG
activity. The paroxysms may appear continu-
ously or discontinuously during sleep. They
are usually bilateral, but sometimes strictly uni-
lateral or with unilateral predominance.

Clinical Features. Age at onset is 3 to 14 years.
The seizure types during wakefulness are
atypical absence, myoclonic, or akinetic sei-
zures. Children with paroxysmal EEG activity
only during sleep have no clinical seizures.
Such children are often undiagnosed for
months or years. Neuropsychological impair-
ment and behavioral disorders are common.
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Hyperactivity, learning disabilities, and, in
some instances, psychotic regressions may per-
sist even after electrical status epilepticus dur-
ing slow-wave sleep has ceased.

Diagnosis. The most typical paroxysmal dis-
charges of EEG are spike waves of 1.5 and
3.5 Hz, sometimes associated with polyspikes
or polyspikes and waves.

Treatment. Standard antiepileptic drugs are
rarely effective. High-dose valproate therapy
and/or combination therapy of valproate and
ethosuximide achieves permanent remission
of electrical status epilepticus during slow-wave
sleep in two thirds of patients. The beneficial
effect of short cycles of high-dose corticotropin
therapy is at best temporary. Immune and/or
hormone therapies have mixed results.

Epilepsia Partialis Continua

Focal motor seizures that do not stop spontane-
ously are termed epilepsia partialis continua.
This is an ominous symptom and usually indi-
cates an underlying cerebral disorder. Possible
causes include infarction, hemorrhage, tumor,
and inflammation. Make every effort to stop
the seizures with intravenous antiepileptic
drugs (see “Management of Status Epilepti-
cus”). The response to antiepileptic drugs and
the outcome depend on the underlying cause.

Hemiconvulsions-Hemiplegia Syndrome
(Rasmussen Syndrome)

Rasmussen syndrome is a poorly understood
disorder. Although originally described as a
form of focal viral encephalitis, an infectious
etiology has not been established.

Clinical Features. Focal jerking frequently
begins in one body part, usually one side of the
face or one hand, and then spreads to contigu-
ous parts. Trunk muscles are rarely affected.
The rate and intensity of the seizures vary at first
but then become more regular and persist
during sleep. At 4 months after the first symp-
tom, all have refractory motor seizures (Granata
et al, 2003b). The seizures defy treatment and
progress to affect first both limbs on one side
of the body and then the limbs on the other side.
Progressive hemiplegia develops and remains
after seizures have stopped.

Diagnosis. EEG shows continuous spike dis-
charges originating in one portion of the
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cortex, spreading to contiguous areas of the
cortex and to a mirror focus on the other side.
Secondary generalization may occur. MRI is a
required study in every case. The initial imag-
ing studies are usually normal, but repeat stud-
ies after 6 months show atrophy of the
hemisphere with dilation of the ipsilateral ven-
tricle. Positron emission tomography shows
widespread hypometabolism of the affected
hemisphere at a time when the spike dis-
charges remain localized. The cerebrospinal
fluid is usually normal, although a few mono-
cytes may be present.

Management. The treatment of Rasmussen syn-
drome is especially difficult. Standard antiepi-
leptic therapy is not effective for stopping
seizures or the progressive hemiplegia. The
use of immunosuppressive therapy is recom-
mended by some (Granata et al, 2003a) and
antiviral therapy by others. These medical
approaches are rarely successful. Early
hemispherectomy is the treatment of choice
(Kossoff et al, 2003).

Reading Epilepsy

The belief was that reading epilepsy and JME
were variants because many children with
reading epilepsy experience myoclonic jerks
of the limbs shortly after arising in the morn-
ing. However, recent studies indicate that
reading epilepsy is idiopathic epilepsy origi-
nating in the left temporal lobe (Archer
et al, 2002).

Clinical Features. Age at onset is usually in the
second decade. Myoclonic jerks involving oro-
facial and jaw muscles develop while reading.
Reading time before seizure onset is variable.
The initial seizure is usually in the jaw
and described as “jaws locking or clicking.”
Other initial features are quivering of the lips,
choking in the throat, or difficulty speaking.
Myoclonic jerks of the limbs may follow,
and some children experience a generalized
tonic-clonic seizure if they continue reading.
Generalized tonic-clonic seizures may also
occur at other times.

Diagnosis. The history of myoclonic jerks
during reading and during other processes
requiring higher cognitive function is critical
to the diagnosis. Interictal EEG usually shows
generalized discharges and brief spike-wave
complexes that are simultaneous with jaw jerks
and can be provoked by reading.
Management. Some patients claim to control
their seizures without the use of antiepileptic
drugs by quitting reading at the first sign of
orofacial or jaw jerks. This seems an impracti-
cal approach and an impediment to educa-
tion. Valproate and probably many other
antiepileptic drugs are effective.

Temporal Lobe Epilepsy

Temporal lobe epilepsy in children may be pri-
mary or secondary. Inheritance of primary tem-
poral lobe epilepsy is often as an autosomal
dominant trait. Among children with secondary
temporal lobe epilepsy, 30% have a history of
an antecedent illness or event and MRI reveals
evidence of a structural abnormality in 40%.

Clinical Features. Seizure onset in primary tem-
poral lobe epilepsy occurs in adolescenceor later.
The seizures consist of simple psychic (e.g., déjà
vu, cognitive disturbances, illusions, hallucina-
tions) or autonomic (e.g., nausea, tachycardia,
sweating) symptoms. Secondary generalization
is unusual. Seizure onset in secondary temporal
lobe epilepsy occurs during the first decade and
often during an acute illness. The seizures are
usually complex partial in type, and secondary
generalization is more common.

Diagnosis. A single EEG in children with
primary temporal lobe epilepsy is likely to be
normal. The frequency of interictal temporal
lobe spikes is low, and diagnosis requires pro-
longed video-EEG monitoring. The incidence
of focal interictal temporal lobe spikes is 78%
in children with secondary temporal lobe epi-
lepsy, but detection may require several or
prolonged EEG studies.

Management. Monotherapy with carbamaze-
pine, oxcarbazepine, or phenytoin is usually
satisfactory for seizure control in both types.
Generalized Seizures

Generalized tonic-clonic seizures are the most
common seizures of childhood. They are dra-
matic and frightening events that invariably
demand medical attention. Seizures that are
prolonged or repeated without recovery are
termed status epilepticus. Many children with
generalized tonic-clonic seizures have a history
of febrile seizures during infancy. Some of
these represent a distinct autosomal dominant
disorder. Table 1-11 summarizes the diagnostic
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Table 1-11 Diagnostic Considerations
for a First Nonfebrile
Tonic-Clonic Seizure
after 2 Years of Age

Acute encephalopathy or encephalitis (see Chapter 2)
Isolated unexplained seizure
Partial seizure of any cause with secondary

generalization
Primary generalized epilepsy
Progressive disorder of the nervous system (see

Chapter 5)
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considerations in a child who has had a
generalized tonic-clonic seizure.

Clinical Features. The onset may occur anytime
after the neonatal period, but the onset of pri-
mary generalized epilepsy without absence sei-
zures is usually during the second decade.
With absence seizures, the age at onset shifts
to the first decade.

Sudden loss of consciousness is the initial
feature. The child falls to the floor, and the
body stiffens (tonic phase). Repetitive jerking
movements of the limbs follow (clonic phase);
thesemovements at first are rapid and rhythmic
and then become slower and more irregular as
the seizure ends. The eyes roll backward in the
orbits; breathing is rapid and deep, causing
saliva to froth at the lips; and urinary and fecal
incontinencemay occur. A postictal sleep, from
which arousal is difficult, follows the seizure.
Afterward, the child appears normal but may
have sore limb muscles and a painful tongue
because it was bitten during the seizure.

Diagnosis. A first generalized tonic-clonic sei-
zure requires laboratory evaluation. Individu-
alize the evaluation. Important determining
factors include neurological findings, family
history, and known precipitating factors. An
eyewitness report of focal features at the onset
of the seizure or the recollection of an aura
indicates a partial seizure with secondary
generalization.

During the seizure, the EEG shows gen-
eralized repetitive spikes in the tonic phase
and then periodic bursts of spikes in the clonic
phase. Movement artifact usually obscures the
clonic portion. As the seizure ends, the back-
ground rhythms are slow and the amplitude
attenuates.

Between seizures, brief generalized spike or
spike-wave discharges that are polymorphic in
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appearance may occur. Discharge frequency
sometimes increases with drowsiness and light
sleep. The presence of focal discharges indi-
cates secondary generalization of the tonic-
clonic seizure.

The cerebrospinal fluid is normal after a
brief tonic-clonic seizure due to primary epi-
lepsy. However, prolonged or repeated sei-
zures may cause a leukocytosis with as many
as 80 cells/mm3 with a polymorphonuclear
predominance. The protein concentration
can be mildly elevated, but the glucose con-
centration is normal.

Management. Do not start prophylactic antiepi-
leptic therapy in an otherwise normal child
who has had a single unexplained seizure.
The recurrence rate is probably less than
50% after 1 year. Several drugs are equally
effective in children with recurrent seizures
who require treatment.

Epilepsy with Generalized Tonic-Clonic
Seizures on Awakening

Epilepsy with generalized tonic-clonic seizures
on awakening is a familial syndrome distinct
from JME. Onset is in the second decade,
and 90% of seizures occur on awakening,
regardless of the time of day. Seizures also
occur with relaxation in the evening. Absence
and myoclonic seizures may occur. The mode
of inheritance is unknown.

Clinical Features. Onset occurs in the second
decade, and 90% of seizures occur on awaken-
ing, regardless of the time of day. Seizures also
occur with relaxation in the evening. Absence
and myoclonic seizures may occur.

Diagnosis. The EEG shows a pattern of idio-
pathic generalized epilepsies.

Management. Treatment is similar to that of
JME (Wheless and Kim, 2002).

Pseudoseizures

“Hysterical” seizures are an effective method
of seeking attention and secondary gain. They
occur more often in adolescence than child-
hood and more often in females than males
(3:1). A history of sexual abuse is common in
women who experience pseudoseizures, but
common teenage stressors are also important.
People who have pseudoseizures may also have
true seizures; often, the pseudoseizures begin
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when true seizures come under control, and
the secondary gain of epilepsy is lost.

Clinical Features. Pseudoseizures rarely simu-
late true seizures, but are sometimes difficult
to distinguish by observation alone. The
clinical features include a variety of motor
and behavioral phenomena, but often one
observes three broad patterns:

1. Unilateral or bilateral motor activity
characterized by tonic posturing and tre-
mulousness in which the patient’s move-
ments are thrashing or jerking rather
than tonic-clonic; pelvic thrusting is
common in females. Different move-
ments may occur simultaneously.

2. Behavioral or emotional changes in which
distress or discomfort is expressed, followed
by semipurposeless, but not stereotyped,
behaviors such as fumbling with objects
or walking.

3. Periods of nonresponsiveness during
which attacks may be precipitated and
ended by suggestion. Patients usually
do not hurt themselves or experience
incontinence.

Diagnosis. Pseudoseizures usually occur at
home and are considered real seizures. If the
child has epilepsy, calls to the physician result
in needless revisions of drug schedules, often
to the patient’s detriment. Consider the possi-
bility of pseudoseizures when frequent sei-
zures develop in children whose epilepsy was
recently controlled. Children who develop
pseudoseizures in the absence of an epilepsy
history often present to emergency depart-
ments and are given antiepileptic drugs before
initiating investigations. It is then difficult to
stop the medications and obtain a baseline
EEG. The diagnosis of most pseudoseizures is
by observation alone. When doubt remains,
video-EEG monitoring is the best method of
diagnosis.

Management. Present the diagnosis of pseudo-
seizures in a positive and supportive manner.
The diagnosis does not imply that the person
is crazy or faking. The spells can be stopped,
but not with antiepileptic drugs. Psychiatric
referral is not always necessary, but the need
for psychological counseling is common.
Determining the secondary gain provided by
seizures and offering alternative methods of sat-
isfaction are the best approach to treatment.
Most children with pseudoseizures stop having
attacks once the diagnosis is established.
Video Game–Induced Seizures

Children who experience seizures while play-
ing video games have a photosensitive seizure
disorder demonstrable on EEG during inter-
mittent photic stimulation. Two thirds have
primary generalized epilepsy (generalized
tonic-clonic, absence, and JME), and the rest
have partial epilepsies, usually benign occipital
epilepsy.
MANAGING SEIZURES

Antiepileptic Drug Therapy

The goal of antiepileptic therapy is to achieve
maximum normal function by balancing sei-
zure control against drug toxicity (Hirtz et al,
2003). A balance is required between seizure
risk and potential drug toxicity while consider-
ing the sensibilities of the patient and the
family.

Indications for Starting Therapy

Always initiate therapy in neurologically abnor-
mal children (symptomatic epilepsy) after the
first seizure; more seizures are expected. After
a first unexplained and untreated generalized
tonic-clonic seizure, less than half of otherwise
normal children will have a second seizure.
It is reasonable to delay therapy if the child
is not operating a motor vehicle. Always
treat JME and absence epilepsy, not only
because of expected seizure recurrence, but
also because uncontrolled absence seizures
impair education.
Discontinuing Therapy

Antiepileptic drug therapy is required in chil-
dren who experience seizures during an acute
encephalopathy (e.g., anoxia, head trauma,
encephalitis). However, stop therapy when
the acute encephalopathy is over and seizures
have stopped. Only those children with
chronic brain damage have epilepsy later on
and have treatment restarted when seizures
recur. Later epilepsy is not preventable by
the continuous use of antiepileptic drugs after
an acute encephalopathy.

Pooled data on epilepsy in children sug-
gest that discontinuing antiepileptic therapy
is successful after 2 years of complete con-
trol. Pooled data are worthless when applied
to the individual child. I suspect that many
otherwise normal children started on
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antiepileptic medication after a first seizure
who then remain seizure free for 2 years
should not have received medication in the
first place. The decision to stop therapy,
like the decision to start therapy, requires
an individualized approach to the child
and the cause of the epilepsy. Children
who are neurologically abnormal (remote
symptomatic epilepsy) and those who have
specific epileptic syndromes that are known
to persist into adult life are likely to have
recurrences, whereas those with benign epi-
lepsies of childhood are likely to remain sei-
zure free. Three fourths of relapses occur
during the withdrawal phase and in the
2 years thereafter. Contrary to popular
belief, the rapid withdrawal of antiepileptic
drugs in a person who does not need therapy
does not provoke seizures. However, all par-
ents know that seizure medication is never
abruptly withdrawn, and it is foolish to sug-
gest otherwise. As a rule, I try to stop antiepi-
leptic therapy 1 year before driving age in
children who are seizure free and neurologic-
ally normal.

Principles of Therapy

Start therapy with a single drug. Most children
with epilepsy achieve complete seizure control
with monotherapy when using the correct
drug for the seizure type. Even patients whose
seizures are never controlled are likely to do
better on the smallest number of drugs. Poly-
pharmacy poses several problems: (1) drugs
compete with each other for protein-binding
sites, (2) one drug can increase the rate and
pathway of catabolism of a second drug,
(3) drugs have cumulative toxicity, and (4) com-
pliance is more difficult.

When using more than one drug, change
only one drug at a time. When making several
changes simultaneously, it is impossible to
determine which drug is responsible for a
beneficial or an adverse effect.

Administer antiepileptic drugs no more than
twice daily, and urge families to buy pillboxes
marked with the 7 days of the week. It is diffi-
cult to remember to take medicine when you
are not in pain to prevent something that you
do not remember from happening.
BLOOD CONCENTRATIONS

The development of techniques to measure
blood concentrations of antiepileptic drugs
was an important advance in the treatment of
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epilepsy. However, reference values of drug
concentrations are guidelines. Some patients
are seizure free with concentrations that are
below the reference value, and others are
unaffected by apparently toxic concentrations.
I rely more on patient response than on blood
concentration. Fortunately, for children, many
of the newer drugs (e.g., lamotrigine, levitera-
cetam) do not require the measurement of
blood concentrations.

Measuring total drug concentrations,
protein-bound and free fractions, is customary
even though the free fraction is responsible
for efficacy and toxicity. Although the ratio of
free to bound fractions is relatively constant,
some drugs have a greater affinity for binding
protein than other drugs and displace them
when used together. The free fraction of the
displaced drug increases and causes toxicity
even though the measured total drug concen-
tration is “therapeutic.”

Most antiepileptics follow first-order kinetics,
that is, blood levels increase proportionately with
increases in the oral dose. The main exception is
phenytoin, whosemetabolism changes from first-
order to zero-order kinetics when the enzyme sys-
tem responsible for its catabolism saturates. Then
a small increment in oral dose produces large
increments in blood concentration.

The half-lives of the antiepileptic drugs listed
in Table 1-12 are at steady state. Half-lives are
generally longer when therapy with a new drug
begins. Achieving a steady state usually requires
five half-lives. Similarly, five half-lives are
required to eliminate a drug after discontinu-
ing administration. Drug half-lives vary from
individual to individual and may be shortened
or increased by the concurrent use of other
antiepileptic, antibiotic, and antipyretic drugs.
This is one reason that children with epilepsy
may have a toxic response to a drug or increased
seizures at the time of a febrile illness.

Some antiepileptics have active metabolites
with antiepileptic and toxic properties. With
the exception of phenobarbital derived from
primidone, these metabolites are not usually
measured. Active metabolites may provide sei-
zure control or have toxic effects when the blood
concentration of the parent compound is low.
ADVERSE REACTIONS

Some antiepileptic drugs irritate the gastric
mucosa and cause nausea and vomiting. When
this occurs, taking smaller doses at shorter inter-
vals, using enteric-coated preparations, and tak-
ing the drug after meals may relieve symptoms.



Table 1-12 Antiepileptic Drugs for Children

Drug
Initial Dose,
mg/kg/day

Target Dose,
mg/kg/day

Blood
Concentration,
mg/mL Half-Life, hr

Carbamazepine 10 20–30 4–12 14–27
Clonazepam 0.02* 0.5–1* { 20–40
Ethosuximide 10 15–40 { 30–40
Felbamate 15 15–45 40–80 20–23
Lamotrigine (nonvalproate) 0.5 5–10 { 25 (monotherapy)
Levetiracetam 30 60* { 5
Oxcarbazepine 10 20–40 { 9
Phenobarbital 3–5 5–10 15–40 35–73
Phenytoin 5–10 5–10 10–25 24
Primidone 5 10–25 8–12 8–22
Topiramate 1–3 5–9 { 18–30
Valproate 20 30–60 50–100 6–15
Vigabatrin 40–60 60–80 { Days
Zonisamide 1.5 6 { 24

Concomitant treatment with other drugs often influences doses.
*mg/day.
{Not clinically useful.
{Not established.
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Toxic adverse reactions are dose related.
Almost all antiepileptic drugs cause sedation
when blood concentrations are excessive. Sub-
tle cognitive and behavioral disturbances, rec-
ognizable only by the patient or family, often
occur at low blood concentrations. Never dis-
count the patient’s observation of a toxic effect
because the blood concentration is within the
therapeutic range. As doses are increased, atten-
tion span, memory, and interpersonal relations
may become seriously impaired. This is espe-
cially common with barbiturates, but can occur
with any drug.

Idiosyncratic reactions are not entirely
dose related. They may occur as hypersensitiv-
ity reactions (usually manifest as rash, fever,
and lymphadenopathy) or because of toxic
metabolites. Idiosyncratic reactions are not
always predictable, and respecting the
patient’s observation is essential. Notwith-
standing package inserts and threats of litigation,
routine laboratory studies of blood counts and
organ function in a healthy child are neither cost-
effective nor helpful. I prefer to do studies based
on clinical features.

Selection of an Antiepileptic Drug

The use of generic drugs is difficult to avoid in
managed care health programs. Unfortunately,
several different manufacturers provide generic
versions of each drug; the bioavailability and
half-life of these products vary considerably,
and maintaining a predictable blood concentra-
tion may be difficult. Common reasons for loss
of seizure control in children who were previ-
ously seizure free are noncompliance and
change from the brand name to a generic drug
or from one generic to another. Patients should
ask their pharmacist to tell them when their source of
generic drug is going to change.

For the most part, drug selection is based on
the neurologist’s comfort with using a specific
drug, other health conditions and drug use of
the patient, the available preparations with
respect to the child’s age, and the spectrum of
antiepileptic activity of the drug. Levetiracetam,
topiramate, valproate, and zonisamide are drugs
with a broad spectrum of efficacy in controlling
many different seizure types. The following
comments are based on personal experience
and published reports. Experience with most
antiepileptic drugs in children is gained without
specific U.S Food and Drug Administration
approval.

CARBAMAZEPINE (TEGRETOL, TEGRETOL-
XR [NOVARTIS], CARBATROL [SHIRE
PHARMACEUTICALS])

In my own practice, oxcarbazepine has
replaced carbamazepine entirely because of
its better side effect profile.

Indications. Partial seizures, primary or second-
ary generalized tonic-clonic seizures are indica-
tors. Carbamazepine increases the frequency
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of absence and myoclonic seizures and there-
fore is contraindicated.

Administration. Approximately 85% of the
drug is protein bound. Carbamazepine in-
duces its own metabolism, and the initial dose
should be 25% of the maintenance dose to
prevent toxicity. The usual maintenance dose
is 15 to 20 mg/kg/day to provide a blood con-
centration of 4 to 12 mg/mL. However, infants
often require 30 mg/kg/day. The half-life at
steady state is 5 to 27 hours, and children usu-
ally require doses three times daily. Two long-
acting preparations are available. Concurrent
use of cimetidine, erythromycin, fluoxetine,
and propoxyphene interferes with carbamaze-
pine metabolism and causes toxicity.

Adverse Effects. A depression of peripheral leu-
kocytes is expected but is rarely sufficient
(absolute neutrophil count <1000) to warrant
discontinuation of therapy. Routine white
blood cell counts each time the patient
returns for a follow-up visit are not cost-effec-
tive and do not aid in predicting life-threaten-
ing events. The most informative time to
repeat the white blood cell count is concur-
rently with a febrile illness.

Cognitive disturbances occur within the
therapeutic range. Sedation, ataxia, and
nystagmus occur at toxic blood concentra-
tions. Nonepileptic myoclonus is an allergic
reaction.

CLONAZEPAM (KLONOPIN [ROCHE])

Indications. Clonazepam is used to treat infan-
tile spasms and myoclonic, absence, and par-
tial seizures.

Administration. The initial dose is 0.025 mg/
kg/day in two divided doses. Recommended
increments are 0.025 mg/kg every 3 to 5 days
as needed and tolerated. The usual mainte-
nance dose is 0.1 mg/kg/day in three
divided doses. Most children cannot tolerate
doses of more than 0.15 mg/kg/day. The
therapeutic blood concentration is 0.02 to
0.07 mg/mL, 47% of the drug is protein
bound, and the half-life is 20 to 40 hours.
Rectal administration is suitable for mainte-
nance, if needed.

Adverse Effects. Toxic effects with doses within
the therapeutic range include sedation, cog-
nitive impairment, hyperactivity, and exces-
sive salivation. Idiosyncratic reactions are
unusual.
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ETHOSUXIMIDE (ZARONTIN [PARKE-DAVIS])

Indications. Ethosuximide is the drug of choice
for treating absence epilepsy. It is also useful
for myoclonic absence.

Administration. The drug is absorbed rapidly,
and peak blood concentrations appear within
4 hours. The half-life is 30 hours in children
and as long as 60 hours in adults. The initial
dose is 10 to 15 mg/kg/day in three divided
doses after meals to avoid gastric irritation.
Dose increments of 10 mg/kg/day can be pre-
scribed as needed and tolerated to provide sei-
zure control without adverse effects. Blood
concentration measurements are not useful.

Adverse Effects. The common adverse reactions
are nausea and abdominal pain. These symp-
toms occur due to gastric irritation caused by
the drug with the dose within the therapeutic
range and limit the drug’s usefulness. The liq-
uid preparation causes more irritation than
the capsule. This medication should always
be taken after eating.

FELBAMATE (FELBATOL [MEDPOINTE
PHARMACEUTICALS])

Indications. Felbamate has a wide spectrum of
antiepileptic activity. Its primary use is for
refractory partial and generalized seizures,
Lennox-Gastaut syndrome, atypical absence,
and atonic seizures.

Administration. Felbamate is rapidly absorbed
after oral intake. Maximal plasma concentra-
tions occur in 2 to 6 hours. The initial dose
is 15 mg/kg/day in three divided doses. Avoid
nighttime doses if the drug causes insomnia.
To attain seizure control, use weekly dose
increments of 15 mg/kg, as needed, to a total
dose of approximately 45 mg/kg/day. Toxicity
limits the total dose, and blood concentration
measurements are not useful.

Adverse Effects. Initial evidence suggested that
adverse effects of felbamate were mild and dose
related (nausea, anorexia, insomnia, weight
loss) except when it is used in combination with
other antiepileptic drugs. The addition of
felbamate increases the plasma concentra-
tions of phenytoin and valproate as much as
30%. The carbamazepine serum concentration
decreases, but the concentration of its active
epoxide metabolite increases almost 50%.

Postmarketing experience showed that
felbamate causes fatal liver damage and aplas-
tic anemia. Regular monitoring of blood counts
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and liver function is required. However, this is a
valuable drug in refractory epilepsy and has a
place when used with caution and informed
consent.

LAMOTRIGINE
(LAMICTAL [GLAXOSMITHKLINE])

Indications. Lamotrigine is useful in the treat-
ment of absence epilepsy, atonic seizures,
JME, Lennox-Gastaut syndrome, and primary
generalized tonic-clonic seizures (Biton et al,
2005). The spectrum of activity is similar to
that of valproate.

Administration. The initial dose is 0.5 mg/kg/
day. Small incremental increases are required
to achieve a maintenance dose of 5 to 15 mg/
kg/day. This is a slow process, and the main
disadvantage of using lamotrigine as a primary
drug is the long interval required to achieve
seizure control. Plasma concentrations are not
measured. The concomitant use of lamotrigine
and other antiepileptic drugs shortens the half-
life of lamotrigine but does not lower the blood
concentration of the other drugs. In contrast,
the concomitant use of valproate markedly
extends the half-life of lamotrigine. A 50%
decrease in the initial dose and the dose incre-
ments is required when used in combination
with valproate.

Adverse Effects. The main allergic reaction is
rash, which is more likely with rapid dosing
increments. Other adverse effects are dizzi-
ness, ataxia, diplopia, and headache.

LEVETIRACETAM
(KEPPRA [UCB PHARMACEUTICALS])

Indications. Levetiracetam has a broad spec-
trum of activity and is useful for most seizure
types (Berkovic et al, 2007). It is especially
effective in the treatment of JME (Noachtar
et al, 2008; Sharpe et al, 2008). Its broad spec-
trum of activity, safety, and lack of drug-drug
interactions make it an excellent first-line
choice for most types of epilepsy.

Administration. Levetiracetam is available as a
tablet, a suspension, and a solution for intrave-
nous administration. The half-life is short, but
the duration of efficacy is longer. Oral dosing
twice daily is required. The initial dose in chil-
dren is 30 mg/kg, and the target dose is 60 to
90 mg/kg.

Adverse Effects. Levetiracetam is not liver meta-
bolized. Metabolism occurs in the blood and
excretion in the urine. It does not interfere
with the metabolism of other drugs and has
no life-threatening side effects. It makes some
children nasty. This was a rare event in the ini-
tial studies on the drug, but the incidence
approaches 100% in warned parents. The con-
comitant use of high-dose pyridoxine prevents
or relieves the irritability. The mechanism of
action is probably suggestion, but it works.

OXCARBAZEPINE (TRILEPTAL [NOVARTIS])

Indications. Oxcarbazepine is the active break-
down product of carbamazepine. It has the
same therapeutic profile as carbamazepine
but a much better adverse effect profile.

Administration. Oxcarbazepine is available as a
tablet and a suspension. Twice-daily dosing is
required. The initial dose is 5 to 10 mg/kg,
and then it is incrementally increased, as
needed, to a total dose of 40 mg/kg in two
divided doses (Pina-Garza et al, 2005).

Adverse Effects. The main adverse effect is
drowsiness, but this is not as severe as with car-
bamazepine. Hyponatremia is a potential
problem, and oxcarbazepine should not be
used in combination with other medications
that depress serum sodium concentrations.

PHENOBARBITAL

Indications. Phenobarbital treats tonic-clonic
and simple partial seizures in newborns and
infants. It is especially useful to manage epi-
lepsy in individuals who cannot remember to
take medication more than once daily or have
only nocturnal seizures.

Administration. Oral absorption is slow, and
once-daily dosing is best when taken with the
evening meal than at bedtime if seizures are
hypnagogic. Because intramuscular absorp-
tion requires 1 to 2 hours, the intramuscular
route is useless for rapid loading (see “Man-
agement of Status Epilepticus”); 50% of the
drug is protein bound and 50% is free.

Initial and maintenance doses are 3 to 5 mg/
kg/day. The half-life is 50 to 140 hours in adults,
35 to 70 hours in children, and 50 to 200 hours
in term newborns. Because of the very long
half-life at all ages, once-daily doses are usually
satisfactory, achieving steady-state blood con-
centrations after 2 weeks of therapy. Therapeu-
tic blood concentrations are 15 to 40 mg/mL.

Adverse Effects. Hyperactivity is the most com-
mon and limiting side effect in children.
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Adverse behavioral changes occur in half of
children between the ages of 2 and 10. Parents
should be warned of this possibility at the
onset of therapy. Behavioral changes are dose
related.

Phenobarbital has no life-threatening side
effects. Drowsiness and cognitive dysfunction,
rather than hyperactivity, are the usual adverse
effects after 10 years of age. Infants tolerate
phenobarbital well, and it remains the drug of
choice for oral use in newborns and infants.
Allergic rash is the main idiosyncratic reaction.

PHENYTOIN (DILANTIN [PARKE-DAVIS])

Indications. Phenytoin is used to treat tonic-
clonic and partial seizures.

Administration. Oral absorption is slow and
unpredictable in newborns, erratic in infants,
and probably not reliable until children are 3
to 5 years of age. Even in adults, considerable
individual variability exists. Once absorbed,
phenytoin is 70% to 95% protein bound.
A typical maintenance dose is 7 mg/kg/day
in children. The half-life is as long as 60 hours
in term newborns, as long as 140 hours in pre-
mature infants, 5 to 14 hours in children, and
10 to 34 hours in adults. Capsules usually
require two divided doses, but tablets are more
rapidly absorbed and may require three
divided doses daily. Administration of three
times the maintenance dose achieves rapid oral
loading. Fosphenytoin sodium has replaced
parenteral phenytoin (see discussion of status
epilepticus).

Adverse Effects. The major adverse reactions are
hypersensitivity, gum hypertrophy, and hirsut-
ism. Hypersensitivity reactions usually occur
within 6 weeks of the initiation of therapy. Rash,
fever, and lymphadenopathy are characteristic.
Once such a reaction has occurred, discontinue
the drug. Concurrent use of antihistamines is
not appropriate management. Continued use
of the drug may produce a Stevens-Johnson
syndrome or a lupus-like disorder.

The cause of gum hypertrophy is a combina-
tion of phenytoin metabolites and plaque on
the teeth. Persons with good oral hygiene are
unlikely to have gum hypertrophy. Discuss the
importance of good oral hygiene at the onset
of therapy. Hirsutism is rarely a problem, and
then only for girls. Discontinue the drug when
it occurs. Memory impairment, decreased
attention span, and personality change may
occur at therapeutic concentrations, but these
effects occur less often and are less severe than
with phenobarbital.
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PRIMIDONE (MYSOLINE [VALEANT
PHARMACEUTICALS])

Indications. Mysoline treats tonic-clonic and
partial seizures.

Administration. Primidone metabolizes to at
least two active metabolites, phenobarbital
and phenylethylmalonamide. The half-life of
primidone is 6 to 12 hours and that of phe-
nylethylmalonamide is 20 hours. The usual
maintenance dose is 10 to 25 mg/kg/day, but
the initial dose should be 25% of the mainte-
nance dose; otherwise intolerable sedation
occurs. A therapeutic blood concentration of
primidone is 8 to 12 mg/mL. The blood con-
centration of phenobarbital derived from prim-
idone is generally four times greater, but this
ratio alters with concurrent administration
of other antiepileptic drugs.

Adverse Effects. The adverse effects are the same
as for phenobarbital, except that the risk of intol-
erable sedation from the first tablet is greater.

TIAGABINE (GABITRIL FILMTABS
[CEPHALON INC.])

Indications. Use as adjunctive therapy for par-
tial-onset and generalized seizures.

Administration. The initial single-day dose is
0.2 mg/kg/day. Increase every 2 weeks by
0.2 mg/kg until achieving optimal benefit or
adverse reactions occur. Most children toler-
ate doses of 4 to 6 mg/day.

Adverse Effects. The most common adverse
effects are somnolence and difficulty con-
centrating.

TOPIRAMATE (TOPAMAX [ORTHO-MCNEIL])

Indications. Use for partial-onset and gener-
alized epilepsies, especially Lennox-Gastaut
syndrome. It is also effective for migraine pro-
phylaxis and is a reasonable choice in children
with both disorders.

Administration. The initial dose is 1 to 2 mg/
kg/day, increased incrementally to up to
10 mg/kg/day twice daily.

Adverse Effects. Weight loss may occur at thera-
peutic doses. When used in overweight chil-
dren, this is no longer an adverse effect.
Fatigue and altered mental status occur at
toxic doses. Glaucoma is a rare idiosyncratic
reaction.
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VALPROATE (DEPAKENE, DEPAKOTE,
AND DEPACON [ABBOTT LABORATORIES])

Indications. Usemainly for generalized seizures.
It is especially useful formixed seizure disorders,
includingmyoclonic, simple absence,myoclonic
absence, myoclonus, and tonic-clonic seizures.

Administration. Oral absorption is rapid, and
the half-life is 6 to 15 hours. Dosing of the liquid
three times daily achieves constant blood con-
centrations. An enteric-coated capsule (Depa-
kote and Depakote sprinkles) slows absorption
and allows twice-daily dosing in children.

The initial dose is 10 to 15 mg/kg/day. In-
crements of 10 mg/kg/day to a dose of
60 mg/kg/day provide a blood concentration
of 50 to 100 mg/mL. Blood concentrations of
80 to 120 mg/mL are often required to achieve
seizure control. Protein binding is 95% at blood
concentrations of 50 mg/mL and 80% at
100 mg/mL. Therefore, doubling the blood con-
centration increases the free fraction eightfold.
Valproate has a strong affinity for plasma pro-
teins and displaces other antiepileptic drugs.

Valproate is absorbed rectally, and rectal
administration provides therapeutic blood con-
centrations when oral administration is not pos-
sible. Peak concentrations occur 3 hours after
rectal administration, and the serum concentra-
tion is approximately 75%of the oral dose. How-
ever, intravenous administration with Depacon
is the better substitute for oral therapy.

Adverse Effects. Valproate has dose-related and
idiosyncratic hepatotoxicity. Dose-relatedhepato-
toxicity is harmless and characterized by in-
creased serum concentrations of transaminases.
Important dose-related effects are a decrease in
the platelet count, pancreatitis, and hyperammo-
nemia. Thrombocytopenia may result in serious
bleeding after trivial injury, whereas pancreatitis
and hepatitis are both associated with nausea
and vomiting. Hyperammonemia causes cogni-
tive disturbances and nausea. These adverse reac-
tions are reversible by decreasing the daily dose.
Reduced plasma carnitine concentrations occur
in children taking valproate, and some believe
that carnitine supplementation helps relieve cog-
nitive impairment.

The major idiosyncratic reaction is fatal liver
necrosis, which is attributed to the production
of an aberrant and toxic metabolite. The major
risk (1:800) is in children younger than 2 years
of age who are receiving polytherapy. Many
such cases may result from the combination
of valproate with an underlying inborn error
of metabolism. Fatal hepatotoxicity does not
occur in children older than 10 years of age
treated with valproate alone.

The clinical manifestations of idiosyncratic
hepatotoxicity are similar to those of Reye syn-
drome (see Chapter 2). They may begin after
1 day of therapy or may not appear for 6
months. No reliable way exists to monitor
patients for idiosyncratic hepatotoxicity or to
predict its occurrence.

VIGABATRIN

Indications. Unfortunately, vigabatrin is unavail-
able in the United States despite proven efficacy
in treating infantile spasms and partial seizures.

Administration. Vigabatrin is a very long-acting
drug and needs only once-daily dosing, but
twice-daily dosing is preferable to reduce
adverse effects. The initial dose is 10 mg/kg/
day, which can be increased incrementally, as
needed, to 100 mg/kg/day.

Adverse Effects. Visual field defects are the
adverse reaction that prevented approval for
the use of this drug in the United States. The
defect is rare and consists of circumferential
field constriction with nasal sparing. Behavioral
problems, fatigue, confusion, and gastrointesti-
nal upset are usually mild and dose related.

ZONISAMIDE (ZONEGRAN [EISAI INC.])

Indications. Like levetiracetam, zonisamide has
a broad spectrum of activity. It is effective
against both primary generalized and partial-
onset epilepsies.

Administration. Zonisamide is a long-acting
drug and administered twice daily. The initial
dose in children is 2 mg/kg/day. The maxi-
mum dose is 12 mg/kg/day.

Adverse Effects. Common adverse effects are
drowsiness and anorexia. Of greater concern
is the possibility of oligohydrosis and hyper-
thermia. Monitoring for decreased sweating
and hyperthermia is required.
Management of Status Epilepticus

The definition of status epilepticus is a pro-
longed single seizure (>20 minutes) or
repeated seizures without interictal recovery.
Generalized tonic-clonic status is life threaten-
ing and the most common emergency in pedi-
atric neurology. The prognosis after status
epilepticus in newborns is invariably poor
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(Pisani et al, 2007). The causes of status epilep-
ticus are (1) a new acute illness such as enceph-
alitis, (2) a progressive neurological disease, (3)
loss of seizure control in a child known to be
epileptic, or (4) a febrile seizure in an otherwise
normal child. The cause is the main deter-
minant of outcome. Recurrence of status epi-
lepticus is most likely in children who are
neurologically abnormal and is rare in children
with febrile seizures. The assessment of status
epilepticus in children is the subject of a Prac-
tice Parameter of the Child Neurology Society
(Rivello et al, 2006).

Absence status and complex partial status
are often difficult to identify as status epilepti-
cus. The child may appear to be in a confu-
sional state.

Immediate Management

Home management of prolonged seizures or
clusters of seizures in children with known epi-
lepsy is possible using rectal diazepam to prevent
or abort status epilepticus (O’Dell et al, 2005). A
rectal diazepam gel is commercially available, or
the intravenous preparation can be given rec-
tally (0.4 mg/kg) through a lubricated syringe.
If the rectal dose fails to stop the seizures, hospi-
tal emergency services are required. Status epi-
lepticus is a medical emergency requiring
prompt attention. Initial assessment should be
rapid and includes cardiorespiratory function,
the history leading to the seizure, and a neuro-
logical examination. Establish a controlled air-
way immediately and ventilate. Next, establish
venous access. Measures of blood glucose, elec-
trolytes, and antiepileptic drug concentrations
in children with known epilepsy are required.
Perform other tests (e.g., a toxicology screen)
as indicated. Once blood is drawn, start an in-
travenous infusion of saline solution for the
administration of antiepileptic drugs and the
administration of an intravenous bolus of a
50% glucose solution, 1 mg/kg.

Drug Treatment

The ideal drug for treating status epilepticus is
one that acts rapidly, has a long duration of
action, and does not produce sedation. The
use of benzodiazepines (diazepam and loraze-
pam) for this purpose is common. However,
they are inadequate by themselves because
their duration of action is brief. In addition,
children given intravenous benzodiazepines
after a previous load of barbiturate often have
respiratory depression. The dose of diazepam
is 0.2 mg/kg, not to exceed 10 mg at a rate
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of 1 mg/min. Lorazepam may be preferable
to diazepam because of its longer duration of
action. The usual dose in children 12 years of
age or younger is 0.1 mg/kg. After age 12,
the dose is 0.07 mg/kg.

Intravenous fosphenytoin is an ideal agent
because it has a long duration of action, does
not produce respiratory depression, and does
not impair consciousness. The initial dose is
20 mg/kg (calculated as phenytoin equivalents).
Administration can be intravenous or intramus-
cular, but the intravenous route is greatly pre-
ferred. Unlike phenytoin, which requires slow
infusions (0.5 mg/kg/min) to avoid cardiac tox-
icity, fosphenytoin infusions are rapid and often
obviate the need for previous benzodiazepine
therapy. Infants generally require 30 mg/kg.

Fosphenytoin is usually effective unless a
severe, acute encephalopathy is the cause of sta-
tus epilepticus. Children who fail to wake up at
an expected time after the clinical signs of status
epilepticus have stopped requireEEG to exclude
the possibility of electrical status epilepticus.

Intravenous levetiracetam, 60 mg/kg, is an
excellent alternative to fosphenytoin because
it does not require hepatic metabolism but is
excreted unchanged in the urine.

When all else fails, several alternatives are
available. My preference is pentobarbital coma.
Transfer the patient from the emergency depart-
ment to an intensive care unit. Intubation and
mechanical ventilation must be in place. After
placing an arterial line, monitor the patient’s
blood pressure, cardiac rhythm, body tempera-
ture, and blood oxygen saturation.

With an EEG monitor recording continu-
ously, infuse 10-mg/kg boluses of pentobarbital
until a burst-suppression pattern appears on
the EEG (Fig. 1-5); a minimum of 30 mg/kg is
generally required.Hypotension is themost seri-
ous complication and requires treatment with
vasopressors. It generally does not occur until
after the administration of 40 to 60 mg/kg. Bar-
biturates tend to accumulate, and the usual
dose needed to maintain pentobarbital coma
is 3 mg/kg/hr. Maintaining coma for several
days is safe. Continuous EEG recording indi-
cates a burst-suppression pattern. Slow or
stop the barbiturate infusion every 24 to 48
hours to see whether coma is still required
to prevent seizure discharges.

Ketogenic Diet

The bible mentions fasting as a treatment for
epilepsy. The introduction of diet-induced
ketosis to mimic fasting dates to 1921, when
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barbiturates and bromides were the only avail-
able antiepileptic drugs. This method became
less popular with the introduction of effective
pharmacotherapy. However, it remains an
effective method to treat children with sei-
zures refractory to antiepileptic drugs at non-
toxic levels. The diet is most effective in
infants and young children. A diet that con-
sists of 60% medium-chain triglycerides, 11%
long-chain saturated fat, 10% protein, and
19% carbohydrate is commonly used. The
main side effects are abdominal pain and diar-
rhea (Nordli, 2002).

The ketogenic diet causes a prompt increase
in plasma ketone bodies that the brain uses
as an energy source. The mechanism of action
is not established. The ketogenic diet is most
effective for control of myoclonic seizures,
infantile spasms, atonic/akinetic seizures, and
mixed seizures of Lennox-Gastaut syndrome.
Vagal Nerve Stimulation

Vagal nerve stimulation is a treatment for
refractory seizures that uses a programmed
stimulus from a chest-implanted generator
via coiled electrodes tunneled to the left cer-
vical vagus nerve. Current indications for
vagal nerve stimulation are for adjunctive
treatment of refractory partial seizures. The
main adverse effects are voice changes or
hoarseness. In children younger than 12 years
of age, the ketogenic diet is preferable to
vagal nerve stimulation (Wheless and Maggio,
2002). However, vagal nerve stimulation is a
consideration in children with refractory
epilepsy.
Surgical Approaches to Childhood
Epilepsy

Epilepsy surgery is an excellent option for
selected children with intractable epilepsy.
Surgery is never a substitute for good medical
therapy, and antiepileptic drug therapy often
continues after surgery. Three procedures,
hemispherectomy, interhemispheric commis-
surotomy, and temporal lobectomy, are appro-
priate for different situations. None of these
procedures is new, and all have gone through
phases of greater or lesser popularity since
their introduction.

Hemispherectomy

The use of hemispherectomy, or more cor-
rectly hemidecortication, is exclusively for chil-
dren with intractable epilepsy and hemiplegia.
The original procedure consisted of removing
the cortex of one hemisphere along with a var-
iable portion of the underlying basal ganglia.
The extent of surgery depended partly on
the underlying disease. The resulting cavity
communicated with the third ventricle and
developed a subdural membrane lining. The
immediate results were good. Seizures were
relieved in approximately 80% of children,
and behavior and spasticity improved without
deterioration of intellectual function or motor
function in the hemiparetic limbs.

However, late complications of hemor-
rhage, hydrocephalus, and hemosiderosis
occurred in as many as 35% of children and
were sometimes fatal. The subdural mem-
brane repeatedly tore, bleeding into the ven-
tricular system and staining the ependymal
lining and the pia arachnoid with iron.
45



Chapter 1 Paroxysmal Disorders
Because of these complications, less radical
alternatives are generally preferred. These alter-
natives are the Montreal-type hemispherectomy
and interhemispheric commissurotomy. The
Montreal-type hemispherectomy is a modified
procedure with removal of most of the damaged
hemisphere, with portions of the frontal and
occipital lobes left in place, but disconnected
from the other hemisphere and brainstem. The
best results are in children with diseases affect-
ing only one hemisphere, Sturge-Weber syn-
drome (Kossoff et al, 2002) and Rasmussen
encephalitis (Kossoff et al, 2003).

Interhemispheric Commissurotomy

Disconnecting the hemispheres fromeachother
and from the brainstem is an alternative to hemi-
spherectomy in children with intractable epi-
lepsy and hemiplegia. Another use of this
procedure is to decrease the occurrence of sec-
ondary generalized tonic-clonic seizures from
partial or minor generalized seizures. The effi-
cacy of commissurotomy and hemispherectomy
in children with infantile hemiplegia is probably
comparable, but efficacy of commissurotomy in
other forms of epilepsy is unknown.

Complete and partial commissurotomies are
in use. Complete commissurotomy entails divi-
sion of the entire corpus callosum, anterior
commissure, one fornix, and the hippocampal
commissure. Complete commissurotomies may
be one- or two-stage procedures. Partial com-
missurotomies vary from division of the corpus
callosum and hippocampal commissure to divi-
sion of only the anterior portion of the corpus
callosum.

Two immediate, but transitory, postopera-
tive complications may follow interhemi-
spheric commissurotomy: (1) a syndrome
of mutism, left arm and leg apraxia, and
urinary incontinence and (2) hemiparesis.
They are both more common after one-stage
complete commissurotomy than after two-stage
procedures or partial commissurotomy and are
probably caused by prolonged retraction of
one hemisphere during surgery. Long-term
complicationsmay include stuttering and poorly
coordinated movements of the hands.

Temporal Lobectomy

The results of temporal lobectomy depend on
the selection criteria and the skill of the epi-
lepsy team. Complete seizure relief should be
attainable in more than half of children with
intractable partial complex seizures of tempo-
ral lobe origin. However, 40% of children
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who were free of seizures at 5 years had recur-
rences by 15 years (Jarrar et al, 2002).

Only children who have a unilateral tempo-
ral focus are candidates for surgery. Positron
emission tomography is proving valuable for
identifying the epileptic focus. The surgical
procedure is a subpial resection of the supe-
rior temporal gyrus, hippocampus, and amyg-
dala. Intraoperative EEG determines the
extent of resection. Twelve percent of speci-
mens contain benign tumors, gliomas, and
ganglioneuromas. The most common compli-
cation is superior quadrantanopsia (40%),
and the most serious complication is aphasia
(10%), which is usually transitory.
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C h a p t e r

2
Altered States of
Consciousness
Table 2-1 States of Decreased
Consciousness

Term Definition

Lethargy Difficult to maintain the aroused
state

Obtundation Responsive to stimulation other
than pain*

Stupor Responsive only to pain*
Coma Unresponsive to pain

*Responsive indicates cerebral alerting, not just reflex
withdrawal.
Table 2-1 provides the terms used in this
chapter to describe states of decreased con-
sciousness. With the exception of coma, these
definitions are not standard. However, they
are more precise and therefore more useful
than such terms as semicomatose and semistupor-
ous. The term encephalopathy describes a diffuse
disorder of the brain in which at least two of
the following symptoms are present: (1) altered
states of consciousness, (2) altered cognition or
personality, and (3) seizures. Encephalitis is an
encephalopathy accompanied by cerebrospinal
fluid pleocytosis.

Lack of responsiveness is not always lack of
consciousness. For example, infants with botu-
lism (see Chapter 6) may have such severe
hypotonia and ptosis that they cannot move
their limbs or eyelids in response to stimula-
tion. They appear to be in a coma or stupor
but are actually alert. The locked-in syndrome
(a brainstem disorder in which the individual
can process information but cannot respond)
and catatonia are other examples of dimin-
ished responsiveness in the alert state.

Either increased or decreased neuronal excit-
ability may characterize the progression from
consciousness to coma. Patients with increased
neuronal excitability (the high road to coma)
become restless and then confused; next,
tremor, hallucinations, and delirium (an agi-
tated confusional state) develop. Myoclonic
jerksmay occur. Seizures herald the end of delir-
ium, and stupor or coma follows. Table 2-2 sum-
marizes the differential diagnosis of the high
road to coma. Tumors and other mass lesions
are not expected causes. Instead, metabolic,
toxic, and inflammatory disorders are likely.

Decreased neuronal excitability (the low road
to coma) lacks an agitated stage. Instead, aware-
ness progressively deteriorates from lethargy
to obtundation, to stupor, and to coma. The dif-
ferential diagnosis is considerably larger than
that for the high road and includesmass lesions
and other causes of increased intracranial pres-
sure (Table 2-3). Table 2-4 lists conditions that
cause recurrent encephalopathies. A compari-
son of Tables 2-2 and 2-3 shows a considerable
overlap of conditions whose initial features are
agitation and confusion and those that begin
with lethargy and coma; therefore, the disorders
responsible for each are described together to
prevent repetition.
DIAGNOSTIC APPROACH
TO DELIRIUM

Assume that any child with the acute behav-
ioral changes of delirium (agitation, confu-
sion, delusions, or hallucinations) has an
organic encephalopathy until proven other-
wise. The usual causes of delirium are toxic
or metabolic disorders diffusely affecting both
cerebral hemispheres. Schizophrenia should
not be a consideration in a prepubertal child
with acute delirium. Fixed beliefs, unalterable
by reason, are delusions. The paranoid delusions
of schizophrenia are logical to the patient and
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Table 2-2 Causes of Agitation and Confusion

Epilepsy

Absence status (see Chapter 1)
Complex partial seizure (see Chapter 1)
Epileptic encephalopathies

Infectious Disorders

Bacterial infections
Cat-scratch disease
Meningitis (see Chapter 4)

Rickettsial infections
Lyme disease
Rocky Mountain spotted fever

Viral infections
Arboviruses
Aseptic meningitis
Herpes simplex encephalitis
Measles encephalitis
Postinfectious encephalomyelitis
Reye syndrome

Metabolic and Systemic Disorders

Disorders of osmolality
Hypoglycemia
Hyponatremia

Endocrine disorders
Adrenal insufficiency
Hypoparathyroidism
Thyroid disorders

Hepatic encephalopathy
Inborn errors of metabolism

Disorders of pyruvate metabolism (see Chapter 5)

Medium-chain acyl-coenzyme A dehydrogenase
deficiency

Respiratory chain disorders (see Chapters 5, 6, 8, 10)
Urea cycle disorder, heterozygote (see Chapter 1)

Renal disease
Hypertensive encephalopathy
Uremic encephalopathy

Migraine

Acute confusional
Aphasic
Transient global amnesia

Psychological

Panic disorder
Schizophrenia

Toxic

Immunosuppressive drugs
Prescription drugs
Substance abuse
Toxins

Vascular

Congestive heart failure
Embolism
Hypertensive encephalopathy
Subarachnoid hemorrhage
Systemic lupus erythematosus
Vasculitis
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frequently part of an elaborate system of irratio-
nal thinking in which the patient feels menaced.
Delusions associated with organic encephalopa-
thy are less logical andnot systematized and tend
to be stereotyped.

A hallucination is the perception of sensory
stimuli that are not present. Organic enceph-
alopathies usually cause visual hallucinations,
whereas psychiatric illness usually causes audi-
tory hallucinations, especially if the voices are
accusatory. Stereotyped auditory hallucinations
that represent a recurringmemory are an excep-
tion and suggest temporal lobe seizures.
History and Physical Examination

Delirious children, even with stable vital func-
tion, require rapid assessment because the
potential for deterioration to a state of dimin-
ished consciousness is real. Obtain a careful his-
tory of the following: (1) the events leading to
the behavioral change; (2) drug or toxic ex-
posure (prescription drugs are more often at
fault than substances of abuse, and a medicine
cabinet inspection should be ordered in every
home that the child has visited); (3) a personal
or family history of migraine or epilepsy;
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(4) recent or concurrent fever, infectious dis-
ease, or systemic illness; and (5) a personal or
family history of encephalopathy.

Examination of the eyes, in addition to
determining the presence or absence of papil-
ledema, provides other etiological clues. Small
or large pupils that respond poorly to light, nys-
tagmus, or impaired eye movements suggest
drug or toxic exposure. Fixed deviation of the
eyes in one lateral direction may indicate that
(1) the encephalopathy has focal features, (2)
seizures are a cause of the confusional state,
or (3) seizures are part of the encephalopathy.
The general and neurological examinations
should specifically include a search for evi-
dence of trauma, needle marks on the limbs,
meningismus, and cardiac disease.
Laboratory Investigations

Individualize laboratory evaluation; not every test
is essential for each clinical situation. Studies of
potential interest include culture; complete
blood count; erythrocyte sedimentation rate;
toxicity screen; blood concentrations of glucose,
electrolytes, calcium, phosphorus, urea nitro-
gen, ammonia, liver enzymes, thyroid-stimulating



Table 2-3 Causes of Lethargy and Coma

Epilepsy

Epileptic encephalopathies
Postictal state (see Chapter 1)
Status epilepticus (see Chapter 1)

Hypoxia-Ischemia

Cardiac arrest
Cardiac arrhythmia
Congestive heart failure
Hypotension

Autonomic dysfunction
Dehydration
Hemorrhage
Pulmonary embolism

Near-drowning
Neonatal (see Chapter 1)

Increased Intracranial Pressure

Cerebral abscess (see Chapter 4)
Cerebral edema (see Chapter 4)
Cerebral tumor (see Chapters 4 and 10)
Herniation syndromes (see Chapter 4)
Hydrocephalus (see Chapters 4 and 18)
Intracranial hemorrhage

Spontaneous (see Chapter 4)
Traumatic

Infectious Disorders

Bacterial infections
Cat-scratch disease
Gram-negative sepsis
Hemorrhagic shock and encephalopathy syndrome
Meningitis (see Chapter 4)
Toxic shock syndrome

Postimmunization encephalopathy
Rickettsial infections

Lyme disease
Rocky Mountain spotted fever

Viral infections
Arboviruses
Aseptic meningitis
Herpes simplex encephalitis
Measles encephalitis
Postinfectious encephalomyelitis
Reye syndrome

Metabolic and Systemic Disorders

Disorders of osmolality
Diabetic ketoacidosis (hyperglycemia)

Hypernatremia
Hypoglycemia
Hyponatremia

Endocrine disorders
Adrenal insufficiency
Hypoparathyroidism
Thyroid disorders

Hepatic encephalopathy
Inborn errors of metabolism

Disorders of pyruvate metabolism (see Chapter 5)
Glycogen storage disorders (see Chapter 1)
Medium-chain acyl coenzyme A dehydrogenase
deficiency

Respiratory chain disorders (see Chapters 5, 6, 8, 10)
Urea cycle disorder, heterozygote (see Chapter 1)

Renal disorders
Acute uremic encephalopathy
Chronic uremic encephalopathy
Dialysis encephalopathy
Hypertensive encephalopathy

Other metabolic disorders
Burn encephalopathy
Hypomagnesemia
Parenteral hyperalimentation
Vitamin B complex deficiency

Migraine Coma

Toxic
Immunosuppressive drugs
Prescription drugs
Substance abuse
Toxins

Trauma
Concussion
Contusion
Intracranial hemorrhage
Epidural hematoma
Intracerebral hemorrhage
Subdural hematoma

Neonatal (see Chapter 1)
Vascular

Hypertensive encephalopathy
Intracranial hemorrhage, nontraumatic
(see Chapter 4)

Neonatal idiopathic cerebral venous thrombosis
(see Chapter 1)

Systemic lupus erythematosus (see Chapter 11)
Vasculitis (see Chapter 11)
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hormone, and thyroid antibodies; and liver
enzymes. If possible, obtain a computed tomogra-
phy (CT) scan of the head while the results of
these tests are pending. If sedation is required to
perform the study, a short-acting benzodiazepine
is preferred. Nondiagnostic blood studies and
normal CT results are an indication for lumbar
puncture to look for infection or increased intra-
cranial pressure. A manometer should always be
available tomeasure cerebrospinal fluid pressure.

An electroencephalogram (EEG) can be use-
ful in the evaluation of delirious patients and
obtained at an opportune time. Findings are
usually abnormal in acute organic enceph-
alopathies and normal in psychiatric illnesses.
The minimal EEG finding in encephalopathy
is slowing of the posterior rhythm. Diffuse theta
and delta activity, absence of faster frequencies,
and intermittent rhythmic delta activity are
characteristic of severe encephalopathies. Spe-
cific abnormalities may include epileptiform
activity consistent with absence or complex par-
tial status, triphasic waves indicating hepatic or
uremic encephalopathy, and periodic lateraliz-
ing epileptiform discharges in one temporal
lobe, suggesting herpes encephalitis.
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Table 2-4 Causes of Recurrent
Encephalopathy

Burn encephalopathy
Epileptic encephalopathies
Hashimoto thyroiditis
Hypoglycemia
Increased intracranial pressure (recurrent)
Medium-chain acyl coenzyme A dehydrogenase

deficiency
Mental disorders
Migraine
Mitochondrial disorders
Pyruvate metabolism disorders
Substance abuse
Urea cycle disorder
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DIAGNOSTIC APPROACH
TO LETHARGY AND COMA

The diagnostic approach to states of dimin-
ished consciousness in children is similar to
that suggested for delirium, except for greater
urgency. The causes of progressive decline in
the state of consciousness are diffuse or multi-
focal disturbances of the cerebral hemispheres
or focal injury to the brainstem. Physical
examination reveals the anatomical site of
abnormality in the brain.
History and Physical Examination

Obtain the same historical data as for delirium,
except that mass lesions are an important con-
sideration. Inquire further concerning trauma
or preceding symptoms of increasing intracra-
nial pressure. Direct the physical examination
at determining both the anatomical site of dis-
turbed cerebral function and its cause. The
important variables in locating the site of
abnormality are state of consciousness, pattern
of breathing, pupillary size and reactivity, eye
movements, and motor responses. The cause
of lethargy and obtundation is usually mild
depression of hemispheric function. Stupor
and coma are characteristic of much more
extensive disturbance of hemispheric function
or involvement of the diencephalon and upper
brainstem. Derangements of the dominant
hemisphere may have a greater effect on con-
sciousness than derangements of the nondomi-
nant hemisphere.

Cheyne-Stokes respiration, in which periods
of hyperpnea alternate with periods of apnea,
is usually caused by bilateral hemispheric or
diencephalic injuries, but can result from bilat-
eral damage anywhere along the descending
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pathway between the forebrain and upper
pons. Alertness, pupillary size, and heart
rhythm may vary during Cheyne-Stokes respira-
tion. Alertness is greater during the waxing por-
tion of breathing. Lesions just ventral to the
aqueduct or fourth ventricle cause a sustained,
rapid, deep hyperventilation (central neuro-
genic hyperventilation). Abnormalities within
the medulla and pons affect the respiratory
centers and cause three different patterns of
respiratory control: (1) apneustic breathing, a
pause at full inspiration; (2) ataxic breathing,
haphazard breaths and pauses without a pre-
dictable pattern; and (3) Ondine’s curse, failure
of automatic breathing when asleep.

In metabolic encephalopathies, retention of
the pupillary light reflex is usual. Absence of the
pupillary reflex in a comatose patient indicates
a structural abnormality. The major exception
is drugs: the cause of fixed dilation of pupils in
an alert patient is topical administration of
mydriatics. In comatose patients, hypothalamic
damage causes unilateral pupillary constriction
and Horner syndrome, midbrain lesions cause
mid-position fixed pupils, pontine lesions cause
small but reactive pupils, and lateral medullary
lesions cause Horner syndrome.

Tonic lateral deviation of both eyes indi-
cates a seizure originating in the hemisphere
opposite to the direction of gaze or a destruc-
tive lesion in the hemisphere in the direction
of gaze. The assessment of ocular motility in
comatose patients is the instillation of ice
water sequentially 15 minutes apart in each
ear to chill the tympanic membrane. Ice water
in the right ear causes both eyes to deviate rap-
idly to the right and then slowly return to the
midline. The rapid movement to the right is
a brainstem reflex, and its presence indicates
that much of the brainstem is intact. Abduc-
tion of the right eye with failure of left eye
adduction indicates a lesion in the medial lon-
gitudinal fasciculus (see Chapter 15). The slow
movement that returns the eyes to the left
requires a corticopontine pathway originating
in the right hemisphere and terminating in
the left pontine lateral gaze center. Its pres-
ence indicates unilateral hemispheric func-
tion. Skew deviation, the deviation of one eye
above the other (hypertropia), usually indi-
cates a lesion of the brainstem or cerebellum.

Carefully observe trunk and limb position at
rest, spontaneous movements, and response to
noxious stimuli. Spontaneous movement of all
limbs generally indicates a mild depression of
hemispheric function without structural distur-
bance.Monoplegia or hemiplegia, except when
in the postictal state, suggests a structural
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disturbance of the contralateral hemisphere.
An extensor response of the trunk and limbs
to a noxious stimulus is termed decerebrate rigid-
ity. The most severe form is opisthotonos: the
neck is hyperextended and the teeth clenched;
the arms are adducted, hyperextended, and
hyperpronated; and the legs are extended with
the feet plantar flexed. Decerebrate rigidity
indicates brainstem compression and is consid-
ered an ominous sign whether present at rest or
in response to noxious stimuli. Flexion of the
arms and extension of the legs are termed decor-
ticate rigidity. It is uncommon in children except
after head injury and indicates hemispheric dys-
function with brainstem integrity.

Laboratory Investigations

Laboratory investigations are similar to those
described for the evaluation of delirium. Per-
form head CT with contrast enhancement
promptly to exclude the possibility of a mass
lesion and herniation. It is a great error to
send a child whose condition is uncertain for
CT without someone in attendance who knows
how to monitor deterioration and intervene
appropriately.

HYPOXIA AND ISCHEMIA

Hypoxia and ischemia usually occur together.
Prolonged hypoxia causes personality change
first and then loss of consciousness; acute anoxia
results in immediate loss of consciousness.

Prolonged Hypoxia

Clinical Features. Prolonged hypoxia can result
from severe anemia (oxygen-carrying capacity
reduced by at least half), congestive heart fail-
ure, chronic lung disease, and neuromuscular
disorders.

The best-studied model of prolonged, mild
hypoxia involves ascent to high altitudes. Mild
hypoxia causes impaired memory and judg-
ment, confusion, and decreased motor perfor-
mance. Greater degrees of hypoxia result in
obtundation, multifocal myoclonus, and some-
times focal neurological signs such as mono-
plegia and hemiplegia. Children with chronic
cardiopulmonary disease may have an insidi-
ous alteration in their behavioral state as the
arterial oxygen concentration slowly declines.

The neurological complications of cystic
fibrosis result from chronic hypoxia and hyper-
capnia, leading to lethargy, somnolence, and
sometimes coma. Neuromuscular disorders that
weaken respiratory muscles, such as muscular
dystrophy, often producenocturnal hypoventila-
tion as a first symptom of respiratory insuffi-
ciency. Frequent awakenings and fear of
sleeping are characteristic (see Chapter 7).

Diagnosis. Consider chronic hypoxia in chil-
dren with chronic cardiopulmonary disorders
who become depressed or undergo personality
change. Arterial oxygen pressure (PaO2) values
less than 40 mm Hg are regularly associated
with obvious neurological disturbances, but
minor mental disturbances may occur at PaO2

concentrations of 60 mm Hg, especially when
hypoxia is chronic.

Management. Encephalopathy usually reverses
when the PaO2 is increased, but persistent
cerebral dysfunction may occur in mountain
climbers after they return to sea level, and per-
manent cerebral dysfunction may develop in
children with chronic hypoxia. As a group, chil-
dren with chronic hypoxia from congenital
heart disease have a lower IQ than nonhypoxic
children. The severity of mental decline relates
to the duration of hypoxia. Treat children with
neuromuscular disorders who develop symp-
toms during sleep with overnight, intermittent
positive-pressure ventilation (see Chapter 7).
Acute Anoxia and Ischemia

The usual circumstance in which acute anoxia
and ischemia occur is cardiac arrest or sudden
hypotension. Anoxia without ischemia occurs
with suffocation (near-drowning, choking).
Prolonged anoxia leads to bradycardia and
cardiac arrest. In adults, hippocampal and
Purkinje cells begin to die after 4 minutes of
total anoxia and ischemia. Exact timing may
be difficult in clinical situations when ill-
defined intervals of anoxia and hypoxia occur.
Remarkable survivals are sometimes associated
with near-drowning in water cold enough to
lower cerebral temperature and metabolism.
The pattern of hypoxic-ischemic brain injury
in newborns is different and depends largely
on brain maturity (see Chapter 1).

Clinical Features. Consciousness is lost within
8 seconds of cerebral circulatory failure, but
the loss may take longer when anoxia occurs
without ischemia. The presyncopal symptoms
of lightheadedness and visual disturbances
sometimes precede loss of consciousness. Sei-
zures and extensor rigidity follow.
53



Chapter 2 Altered States of Consciousness
Prediction of outcome after hypoxic-
ischemic events depends on age and circum-
stances. Only 13% of adults who have had a
cardiac arrest regain independent function
in the first year after arrest. The outcome
in children is somewhat better because the
incidence of preexisting cardiopulmonary
disease is lower. The absence of a pupillary
response on initial examination is an omi-
nous sign; such patients do not recover inde-
pendent function. Twenty-four hours after
arrest, lack of motor responses in the limbs
and eyes identifies patients with a poor prog-
nosis. Persistent early-onset myoclonus is a
negative prognostic sign (Krumholz and
Berg, 2002). In contrast, a favorable out-
come is predictable for patients who rapidly
recover roving or conjugate eye movements
and limb withdrawal from pain. Children
who are unconscious for longer than 60 days
will not regain language skills or the ability
to walk.

Two delayed syndromes of neurological
deterioration follow anoxia. The first is
delayed postanoxic encephalopathy, the appear-
ance of apathy or confusion 1 to 2 weeks after
apparent recovery. Motor symptoms follow,
usually rigidity or spasticity, and may progress
to coma or death. Demyelination is the sug-
gested mechanism. The other syndrome is
postanoxic action myoclonus. This usually fol-
lows a severe episode of anoxia and ischemia
caused by cardiac arrest. All voluntary activity
initiates disabling myoclonus (see Chapter
14). Symptoms of cerebellar dysfunction are
also present.

Diagnosis. Cerebral edema is prominent dur-
ing the first 72 hours after severe hypoxia.
CT during that time shows decreased density
with loss of the differentiation between gray
and white matter. Severe, generalized loss
of density on CT correlates with a poor out-
come. An EEG that shows a burst-suppression
pattern or absence of activity is associated
with a poor neurological outcome or death;
lesser abnormalities are not useful in predict-
ing the prognosis.

Management. The principles of treating
patients who have sustained hypoxic-ischemic
encephalopathy do not differ substantially
from the principles of caring for other coma-
tose patients. Maintaining oxygenation, circu-
lation, and blood glucose concentration is
essential. Regulate intracranial pressure to
levels that allow satisfactory cerebral perfusion
(see Chapter 4). Anticonvulsant drugs manage
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seizures (see Chapter 1). Anoxia is invariably
associated with lactic acidosis. Restoration of
acid-base balance is essential.

The use of barbiturate coma to slow cere-
bral metabolism is common practice, but nei-
ther clinical nor experimental evidence
indicates a beneficial effect after cardiac
arrest or near-drowning. Hypothermia pre-
vents brain damage during the time of hy-
poxia and ischemia but has questionable
value after the event. Corticosteroids do not
improve neurological recovery in patients
with global ischemia after cardiac arrest. Post-
anoxic action myoclonus sometimes responds
to valproate.
Persistent Vegetative State

The term persistent vegetative state describes
patients who, after recovery from coma, return
to a state of wakefulness without cognition. A
persistent vegetative state is a form of eyes-
open permanent unconsciousness with loss of
cognitive function and awareness of the envi-
ronment but preservation of sleep-wake cycles
and vegetative function. Survival is indefinite
with good nursing care. The usual causes, in
order of frequency, are anoxia and ischemia,
metabolic or encephalitic coma, and head
trauma. Anoxia-ischemia has the worst prog-
nosis. Children who remain in a persistent veg-
etative state for 3 months do not regain
functional skills.

The American Academy of Neurology has
adopted the policy that discontinuing medi-
cal treatment, including the provision of
nutrition and hydration, is ethical in a
patient whose diagnosed condition is a per-
sistent vegetative state, when it is clear that
the patient would not want maintenance in
this state, and the family agrees to discon-
tinue therapy.
BRAIN DEATH

The guidelines for brain death suggested by
the American Academy of Neurology (1995)
are generally accepted. Table 2-5 summarizes
the important features of the report. The
Academy urged caution in applying the cri-
teria to children younger than 5 years of age,
but subsequent experience supports the valid-
ity of the standards in the newborn and
through childhood. Absence of cerebral blood
flow is the earliest and most definitive proof of
brain death.



Table 2-5 Diagnostic Criteria
for the Clinical Diagnosis
of Brain Death

Prerequisites

Cessation of all brain function
Condition is irreversible
Proximate cause of brain death is known

Cardinal Features

Coma
Absent brainstem reflexes
Corneal reflex
Oculocephalic reflex
Oculovestibular reflex
Oropharyngeal reflex
Pupillary light reflex

Apnea (established by formal apnea test)

Confirmatory Tests (Optional)

Cerebral angiography
Electroencephalography
Radioisotope cerebral blood flow study
Transcranial Doppler ultrasonography
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INFECTIOUS DISORDERS

Bacterial Infections

Cat-Scratch Disease

The causative agent of cat-scratch disease is
Bartonella (formerly Rochalimaea) henselae, a
gram-negative bacillus transmitted by a cat
scratch and perhaps by cat fleas. It is the most
common cause of chronic benign lymphade-
nopathy in children and young adults. The
estimated incidence in the United States is
22,000 per year, and 80% of cases occur in
children younger than 12 years of age.

Clinical Features. Themajor feature is lymphade-
nopathy proximal to the site of the scratch.
Fever is present in only 60% of cases. The disease
is usually benign and self-limited. Unusual
systemic manifestations are oculoglandular dis-
ease, erythema nodosum, osteolytic lesions, and
thrombocytopenic purpura. The most common
neurological manifestation is encephalopathy.
Transverse myelitis, radiculitis, cerebellar ataxia,
and neuroretinitis are rare manifestations.

Encephalitis occurs in less than 1% of
patients with cat-scratch disease. The mecha-
nism is unknown, but the cause may be either
a direct infection or a vasculitis. The male-to-
female ratio is 2:1. Only 17% of cases occur in
children younger than 12 years old and 15%
in children 12 to 18 years old. The frequency
of fever and the site of the scratch are the same
in patients with encephalitis compared with
those without encephalitis. The initial and
most prominent feature is a decreased state of
consciousness ranging from lethargy to coma.
Seizures occur in 46% of cases and combative
behavior in 40%. Focal findings are rare.

Diagnosis. The diagnosis requires local lym-
phadenopathy, contact with a cat, and an
identifiable site of inoculation. Enzyme-linked
immunosorbent assays and polymerase chain
reaction amplification of infected tissues are
available for diagnosis. The cerebrospinal
fluid is normal in 70% of cases. Lymphocytosis
in the cerebrospinal fluid, when present, does
not exceed 30 cells/mm3. The EEG is diffusely
slow, and the cranial magnetic resonance
imaging (MRI) or CT is normal.

Management. All affected children recover com-
pletely, 50% within 4 weeks. Intravenous genta-
micin (5–7 mg/kg/day) or oral trimethoprim
(10 mg/kg twice daily) and sulfamethoxazole
(100 > hsp >mg/kg twice daily)may speed recov-
ery in children with severe encephalopathy.

Gram-Negative Sepsis

Clinical Features. The onset of symptoms in
gram-negative sepsismaybeexplosive andcharac-
terized by fever or hypothermia, chills, hyperven-
tilation, hemodynamic instability, and mental
changes (irritability, delirium, or coma). Neuro-
logical features may include asterixis, tremor,
andmultifocal myoclonus. Multiple organ failure
follows (1) renal shutdown caused by hypoten-
sion, (2) hypoprothrombinemia caused by vita-
min K deficiency, (3) thrombocytopenia caused
by nonspecific binding of immunoglobulin, (4)
disseminated intravascular coagulation with in-
farction or hemorrhage in several organs, and
(5) progressive respiratory failure.

Diagnosis. Always consider sepsis in the differen-
tial diagnosis of shock, and obtain blood cultures.
When shock is the initial feature, gram-negative
sepsis is the likely diagnosis. In Staphylococcus
aureus infections, shock is more likely to occur
during the course of the infection and not as an
initial feature. The cerebrospinal fluid is usually
normal or may have an elevated concentration
of protein.MRI or CT of the brain is normal early
in the course and reveals edema later on.

Management. Septic shock is a medical emer-
gency. Promptly initiate antibiotic therapy atmax-
imal doses (see Chapter 4). Treat hypotension by
restoration of intravascular volume, and address
each factor contributing to coagulopathy.Mortal-
ity is high even with optimal treatment.
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Hemorrhagic Shock Encephalopathy
Syndrome

Bacterial sepsis is the presumed cause of hem-
orrhagic shock and encephalopathy syndrome.

Clinical Features. Most affected children are
younger than 1 year of age, but cases occur
in children as old as 26 months. Half of chil-
dren have mild prodromal symptoms of a viral
gastroenteritis or respiratory illness. In the
rest, the onset is explosive; a previously well
child is found unresponsive and having sei-
zures. Fever of 38�C or higher is a constant
feature. Marked hypotension with poor
peripheral perfusion is the initial event. Pro-
fuse watery or bloody diarrhea with metabolic
acidosis and compensatory respiratory alkalo-
sis follows. Disseminated intravascular coagu-
lopathy develops, and bleeding occurs from
every venipuncture site. The mortality rate is
50%; the survivors have mental and motor
impairment.

Diagnosis. The syndrome resembles heat stroke,
toxic shock syndrome, gram-negative sepsis, and
Reye syndrome. Abnormal renal function occurs
in every case, but serum ammonia concentra-
tions remain normal, hypoglycemia is unusual,
and blood cultures yield no growth.

Cerebrospinal fluid is normal except for
increased pressure. CT shows small ventricles
and loss of sulcal marking caused by cerebral
edema. The initial EEG background is dif-
fusely slow or may be isoelectric. A striking pat-
tern called electric storm evolves over the first
hours or days. Runs of spikes, sharp waves, or
rhythmic slow waves that fluctuate in fre-
quency, amplitude, and location characterize
the pattern.

Management. Affected children require inten-
sive care with ventilatory support, volume
replacement, correction of acid-base and coag-
ulation disturbances, anticonvulsant therapy,
and control of cerebral edema.
Rickettsial Infections

LYME DISEASE

A spirochete (Borrelia burgdorferi) causes Lyme
disease. The vector is the hard-shelled deer ticks:
Ixodes dammini in the eastern United States,
Ixodes pacificus in the western United States,
and Ixodes ricinus in Europe. Lyme disease is
now the most common vector-borne infection
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in the United States. Six northeastern states
account for 80% of cases.

Clinical Features. The neurological conse-
quences of disease are variable, and some
are uncertain. Those associated with the
early stages of disease have the greatest
acceptance. The first symptom (stage 1) in
60% to 80% of patients is a skin lesion of
the thigh, groin, or axillae (erythema chron-
icum migrans), which may be associated
with fever, regional lymphadenopathy, and
arthralgia. The rash begins as a red macule
at the site of the tick bite and then spreads
to form a red annular lesion with partial
clearing, sometimes appearing as alternating
rings of rash and clearing.

Neurological involvement (neuroborrelio-
sis) develops weeks or months later when the
infection disseminates (stage 2) (Halperin,
2005). Most children have only headache,
which clears completely within 6 weeks; the
cause may be mild aseptic meningitis or
encephalitis. Fever may not develop. Facial
palsy, sleep disturbances, and papilledema are
rare. Polyneuropathies are uncommon in chil-
dren. Transitory cardiac involvement (myoperi-
carditis and atrioventricular block) may occur
in stage 2.

A year or more of continual migratory
arthritis begins weeks to years after the onset
of neurological features (stage 3). Only one
joint, often the knee, or a few large joints are
affected. During stage 3, the patient feels ill.
Encephalopathy with memory or cognitive
abnormalities and confusional states, with nor-
mal cerebrospinal fluid results, may develop.
Other psychiatric or fatigue syndromes appear
less likely to be causally related (Halperin,
2005).

Diagnosis. The spirochete grows on cultures
from the skin rash during stage 1 of the dis-
ease. At the time of meningitis, the cerebrospi-
nal fluid may be normal at first but then shows
lymphocytic pleocytosis (�100 cells/mm3), an
elevated protein concentration, and a normal
glucose concentration. B burgdorferi grows on
culture from the cerebrospinal fluid during
the meningitis. A two-test approach establishes
the diagnosis of neuroborreliosis. The first
step is to show the production of specific IgG
and IgM antibodies in cerebrospinal fluid.
Antibody production begins 2 weeks after
infection, and IgG is always detectable at 6
weeks. The second step, used when the first
is inconclusive, is polymerase chain reaction
to detect the organism.
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Management. Treatment of encephalitis is with
either ceftriaxone (2 g once daily intrave-
nously) or penicillin (3–4 million units intra-
venously every 3–4 hours) for 2 to 4 weeks.
Examine the cerebrospinal fluid toward the
end of the 2- to 4-week treatment course to
assess whether treatment needs to continue
and again 6 months after the conclusion of
therapy. Intrathecal antibody production may
persist for years after successful treatment,
and in isolation, it does not indicate active
disease. Patients in whom cerebrospinal fluid
pleocytosis fails to resolve within 6 months,
however, should be retreated.

The treatment of peripheral or cranial
nerve involvement without cerebrospinal fluid
abnormalities is with oral agents, either doxy-
cycline, 100 mg twice daily for 14 to 21 days,
or amoxicillin, 500 mg every 8 hours for 10
to 21 days. An effective vaccine against Lyme
disease is available and used for children who
live in endemic areas.

ROCKY MOUNTAIN SPOTTED FEVER

Rocky Mountain spotted fever is an acute tick-
borne disorder caused by Rickettsia rickettsii. Its
geographical name is a misnomer; the disease
is present in the northwestern and eastern
United States, Canada, Mexico, Colombia, and
Brazil.

Clinical Features. Fever, myalgia, and rash are
constant symptoms and begin 2 to 14 days
after the tick bite. The rash first appears
around the wrist and ankles 3 to 5 days after
onset of illness and spreads to the soles of
the feet and forearms. It may be maculopapu-
lar, petechial, or both. Headache is present in
66% of affected individuals, meningitis or
meningoencephalitis in 33%, focal neurologi-
cal signs in 14%, and seizures in 6%. The focal
abnormalities result from microinfarcts.

Diagnosis. R rickettsii are demonstrable by
direct immunofluorescence or immunoperoxi-
dase staining of a skin biopsy specimen of the
rash. Other laboratory tests may indicate ane-
mia, thrombocytopenia, coagulopathy, hypona-
tremia, and muscle tissue breakdown. Serology
retrospectively confirms the diagnosis. The
cerebrospinal fluid shows mild pleocytosis.

Management. Initiate treatment when the diag-
nosis is first suspected. Delayed treatment
results in 20% mortality. Oral or intravenous
tetracycline (25–50 mg/kg/day) or chloram-
phenicol (50–75 mg/kg/day) in four divided
doses or oral doxycycline (100 mg twice daily
for 7 days) is effective. Continue treatment for
2 days after the patient is afebrile.

Toxic Shock Syndrome

Toxic shock syndrome is a potentially lethal ill-
ness caused by infection or colonization with
some strains of S aureus.

Clinical Features. The onset is abrupt. High
fever, hypotension, vomiting, diarrhea, myalgia,
headache, and a desquamating rash character-
ize the onset. Multiple organ failure may occur
during desquamation. Serious complications
include cardiac arrhythmia, pulmonary edema,
and oliguric renal failure. Initial encephalo-
pathic features are agitation and confusion.
These may be followed by lethargy, obtunda-
tion, and generalized tonic-clonic seizures.

Many pediatric cases have occurred in men-
struating girls who use tampons, but they may
also occur in children with occlusive dressings
after burns or surgery and as a complication of
influenza and influenza-like illness in children
with staphylococcal colonization of the respi-
ratory tract.

Diagnosis. No diagnostic laboratory test is avail-
able; the diagnosis is based on the typical clini-
cal and laboratory findings. More than half of
the patients have sterile pyuria, immature gran-
ulocytic leukocytes, coagulation abnormalities,
hypocalcemia, low serum albumin and total
protein concentrations, and elevated concen-
trations of blood urea nitrogen, transaminase,
bilirubin, and creatine kinase. Cultures of
specimens from infected areas yield S aureus.

Management. Hypotension usually responds to
volume restoration with physiological saline solu-
tions. Some patients require vasopressors or
fresh-frozen plasma. Initiate antibiotic therapy
promptly with an agent effective against S aureus.

Viral Infections

Because encephalitis usually affects themeninges
as well as the brain, the termmeningoencephalitis is
more accurate.However, distinguishing encepha-
litis fromasepticmeningitis is useful for viral diag-
nosis because most viruses cause primarily one or
the other, but not both. In the United States, the
most common viruses that cause meningitis are
enteroviruses, herpes simplex virus (HSV), and
arboviruses. However, despite the best diagnostic
effort, the cause of 70%of cases of suspected viral
encephalitis is unknown (Glaser et al, 2003).
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Routine childhood immunization has de-
creased the number of pathogenic viruses cir-
culating in the community. Enteroviruses and
HSV are now the most common viral causes
of meningitis and encephalitis in children.
However, specific viral identification is pos-
sible in only 15% to 20% of cases.

The classification of viruses undergoes fre-
quent change, but a constant first step is the
separation of viruses with a DNA nucleic acid
core from those with an RNA core. The only
DNA viruses that cause acute postnatal encepha-
litis in immunocompetent hosts are herpes
viruses. RNA viruses causing encephalitis are
myxoviruses (influenza and measles encephali-
tis), arboviruses (St. Louis encephalitis, eastern
equine encephalitis, western equine encephali-
tis, and LaCrosse-California encephalitis), retro-
viruses (acquired immunodeficiency syndrome
encephalitis), and rhabdoviruses (rabies). RNA
viruses (especially enteroviruses and mumps)
are responsible for aseptic meningitis.

Some viruses, such as HSV, are highly neuro-
tropic (usually infect the nervous system) but
rarely neurovirulent (rarely cause encephalitis),
whereas others, such as measles, are rarely neu-
rotropic but are highly neurovirulent. In addi-
tion to viruses that directly infect the brain
and meninges, encephalopathies may also fol-
low systemic viral infections. These probably
result from demyelination caused by immune-
mediated responses of the brain to infection.

Aseptic Meningitis

The term aseptic meningitis defines a syndrome of
meningismus and cerebrospinal fluid leukocyto-
sis without bacterial or fungal infection. Drugs
or viral infections are the usual cause. Viral men-
ingitis is a benign, self-limited disease from
which 95% of children recover completely.

Clinical Features. The onset of symptoms is
abrupt and characterized by fever, headache,
and stiff neck, except in infants who do not
have meningismus. Irritability, lethargy, and
vomiting are common. Encephalitic symptoms
are not part of the syndrome. Systemic illness
is uncommon, but its presence may suggest spe-
cific viral disorders. The acute illness usually
lasts less than 1 week, but malaise and head-
ache may continue for several weeks.

Diagnosis. In most cases of aseptic meningitis,
the cerebrospinal fluid contains 10 to 200
leukocytes/mm3, but there may be cell counts
of 1000 cells/mm3 or greater with lymphocytic
choriomeningitis. The response is primarily
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lymphocytic, but polymorphonuclear leuko-
cytes may predominate early in the course. The
protein concentration is generally between 50
and 100 mg/dL (0.5 and 1 g/L), and the glu-
cose concentration is normal, although it may
be slightly decreased in children with mumps
and lymphocytic choriomeningitis.

Aseptic meningitis usually occurs in the
spring or summer, and enteroviruses are
responsible for most cases in children. Nonvi-
ral causes of aseptic meningitis are rare, but
considerations include Lyme disease, Kawasaki
disease, leukemia, systemic lupus erythemato-
sus (SLE), and migraine.

Individuals with a personal or family history of
migraine may have attacks of severe headache
associated with stiff neck and focal neurological
disturbances, such as hemiparesis and aphasia.
Cerebrospinal fluid examination reveals pleocy-
tosis of 5 to 300 cells/mm3, mainly lymphocytes,
and a protein concentration of 50 to 100 mg/dL
(0.5–1 g/L). It is unresolved whether the attacks
are migraine provoked by intercurrent aseptic
meningitis or represent a meningitic form of
migraine. The recurrence of attacks in some
people suggests that the mechanism is wholly
migrainous.

Bacterial meningitis is the major concern
when a child has meningismus. Although cere-
brospinal fluid examination provides several
clues that differentiate bacterial from viral
meningitis, initiate antibiotic therapy for every
child with a clinical syndrome of aseptic menin-
gitis until cerebrospinal fluid culture is negative
for bacteria (see Chapter 4). This is especially
true for children who received antibiotic ther-
apy before examination of the cerebrospinal
fluid.

Management. Treatment of herpes encephalitis
with acyclovir is routine in children with viral
meningitis or encephalitis until excluding that
diagnosis. Treatment of viral aseptic meningitis
is symptomatic. Bed rest in a quiet environment
and mild analgesics provide satisfactory relief of
symptoms in most children.
Arboviral (Arthropod-Borne)
Encephalitis

The basis of arboviruses classification is ecol-
ogy rather than structure. Ticks and mosqui-
toes are the usual vectors, and epidemics
occur in the spring and summer. Each type
of encephalitis has a defined geographical
area. Arboviruses account for 10% of encepha-
litis cases reported in the United States.
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CALIFORNIA–LA CROSSE ENCEPHALITIS

The California serogroup viruses, principally
La Crosse encephalitis, are the most common
cause of arboviral encephalitis in the United
States (McJunkin et al, 2001). The endemic
areas are the Midwest and western New York
State. Most cases occur between July and
September. Small woodland mammals serve
as a reservoir and mosquitoes as the vector.

Clinical Features. Most cases of encephalitis
occur in children, and asymptomatic infection
is common in adults. The initial feature is a
flulike syndrome that lasts for 2 or 3 days.
Headache heralds the encephalitis. Seizures
and rapid progression to coma follow. Focal
neurological disturbances are present in 20%
of cases. Symptoms begin to resolve 3 to 5 days
after onset, and most children recover without
neurological sequelae. Death is uncommon
and occurs mainly in infants.

Diagnosis. Examination of cerebrospinal fluid
reveals mixed pleocytosis, with lymphocytes
predominating. The count is usually 50 to
200 cells/mm3, but it may range from 0 to
600 cells/mm3. The virus is difficult to culture,
and diagnosis depends on showing a fourfold
or greater increase in hemagglutination inhi-
bition and neutralizing antibody titers
between acute and convalescent sera.

Management. Treatment is supportive. No effec-
tive antiviral agent is available.

EASTERN EQUINE ENCEPHALITIS

Eastern equine encephalitis is the most severe
type of arboviral encephalitis, with a mortality
rate of 50% to 70%. Fewer than 10 cases occur
per year in the United States.

Clinical Features. Eastern equine encephalitis
is a perennial infection of horses from New
York to Florida. Cases in humans do not
exceed five each year and follow epidemics in
horses. The mortality rate is high. Wild birds
serve as a reservoir and mosquitoes as a vector.
Consequently, almost all cases occur during
the summer.

Onset is usually abrupt and characterized by
high fever, headache, and vomiting followed by
drowsiness, coma, and seizures. A long dura-
tion of non-neurological prodromal symptoms
predicts a better outcome. In infants, seizures
and coma are often the first clinical features.
Signs of meningismus are often present in
older children. Children usually survive acute
encephalitis, but expected sequelae include
mental impairment, seizures, and disturbed
motor function.

Diagnosis. The cerebrospinal fluid pressure is
usually elevated, and examination reveals 200
to 2000 leukocytes/mm3, of which half are
polymorphonuclear leukocytes. MRI shows
focal lesions in the basal ganglia and thala-
mus. Diagnosis relies on showing a fourfold
or greater increase in complement fixation
and neutralizing antibody titers between acute
and convalescent sera.

Management. Treatment is supportive. No effec-
tive antiviral agent is available.

JAPANESE B ENCEPHALITIS

Japanese B encephalitis is a major form of
encephalitis in Asia and an important health
hazard to nonimmunized travelers during the
summer. The virus cycle includes mosquitoes,
pigs, and birds.

Clinical Features. The initial features are mal-
aise, fever, and headache or irritability lasting
for 2 to 3 days. Meningismus, confusion, and
delirium follow. During the second or third
week, photophobia and generalized hypotonia
develop. Seizures may occur at any time.
Finally, rigidity, a masklike facies, and brain-
stem dysfunction ensue. Mortality rates are
very high among indigenous populations and
lower among Western travelers, probably
because of a difference in the age of the
exposed populations.

Diagnosis. Examination of the cerebrospinal
fluid reveals pleocytosis (20–500 cells/mm3).
The cells are initially mixed, but later lympho-
cytes predominate. The protein concentration
is usually between 50 and 100 mg/dL (0.5 and
1 mg/L), and the glucose concentration is
normal. Diagnosis depends on demonstrating
a fourfold or greater increase in the level of
complement-fixing antibodies between acute
and convalescent sera.

Management. Treatment is supportive. No effec-
tive antiviral agent is available, but immunization
with an inactivated vaccine protects against
encephalitis in more than 90% of individuals.

ST. LOUIS ENCEPHALITIS

St. Louis encephalitis is endemic in the
western United States and epidemic in the
Mississippi valley and the Atlantic states. It is
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the most common cause of epidemic viral
encephalitis in the United States. The vector
is a mosquito, and birds are the major
reservoir.

Clinical Features. Most infections are asymp-
tomatic. The spectrum of neurological illness
varies from aseptic meningitis to severe
encephalitis leading to death. The mortality
rate is low. Headache, vomiting, and states of
decreased consciousness are the typical fea-
tures. A slow evolution of neurological symp-
toms, the presence of generalized weakness
and tremor, and the absence of focal findings
and seizures favor a diagnosis of St. Louis
encephalitis over herpes simplex encephalitis.
The illness usually lasts 1 to 2 weeks. Children
usually recover completely, but adults may
have residual mental or motor impairment.

Diagnosis. Cerebrospinal fluid examination
reveals lymphocytic pleocytosis (50–500 cells/
mm3) and a protein concentration between
50 and 100 mg/dL (0.5 and 1 g/L). The glu-
cose concentration is normal.

The virus is difficult to grow on culture, and
diagnosis requires a fourfold or greater
increase in complement fixation and hemag-
glutination inhibition antibody titers between
acute and convalescent sera.

Management. Treatment is supportive. No effec-
tive antiviral agent is available.
WEST NILE VIRUS ENCEPHALITIS

West Nile virus is one of the world’s most
widely distributed viruses. It emerged in east-
ern North America in 1999 and subsequently
became the most important cause of arboviral
meningitis, encephalitis, and acute flaccid
paralysis in the continental United States.
Most transmission occurs by the bite of an
infected mosquito. However, person-to-person
transmission through organ transplantation,
blood and blood product transfusion, and
intrauterine spread can occur. Mosquitoes of
the genus Culex are the principal maintenance
vectors; wild birds serve as the main amplifying
hosts (Bode et al, 2006).

Clinical Features. Most infections are asymp-
tomatic. A nonspecific febrile illness charac-
terizes the onset. Encephalitis occurs in less
than 1% of infected individuals, mainly the
elderly. Clinical features suggestive of infec-
tion include movement disorders (e.g.,
tremor, myoclonus, parkinsonism) and severe
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weakness of the lower motor neurons (DeBiasi
and Tyler, 2006). The weakness results from
spinal cord motor neuron injury resulting in
flaccid weakness and areflexia. Approximately
1 in 150 infected persons will develop enceph-
alitis or meningitis (DeBiasi and Tyler, 2006).
The case fatality rate is 12% to 14%.

Diagnosis. In patients with weakness, results of
electromyographic and nerve conduction veloc-
ity studies are consistent with motor neuron
injury. IgM antibodies in the cerebrospinal fluid
or IgM and IgG antibodies in serum are
diagnostic.

Management. Treatment is supportive. No effec-
tive antiviral agent is available.

Herpes Simplex Encephalitis

Two similar strains of HSV are pathogenic to
humans. HSV-1 is associated with orofacial
infections and HSV-2 with genital infections.
Both occur worldwide. Forty percent of chil-
dren have antibodies to HSV-1, but routine
detection of antibodies to HSV-2 occurs at
puberty. HSV-1 is the causative agent of acute
herpes simplex encephalitis after the newborn
period and HSV-2 is the causative agent of
encephalitis in the newborn (see Chapter 1).

Initial orofacial infection with HSV-1 may
be asymptomatic. The virus replicates in the
skin, infecting nerve fiber endings and then
the trigeminal ganglia. Further replication
occurs within the ganglia before the virus
enters a latent stage during which it is not
recoverable from the ganglia. Reactivation
occurs during times of stress, especially inter-
current febrile illness. The reactivated virus
ordinarily retraces its neural migration to the
facial skin but occasionally spreads proximally
to the brain, causing encephalitis. The host’s
immunocompetence maintains the virus in a
latent state. An immunocompromised state
results in frequent reactivation and severe,
widespread infection.

HSV is the single most common cause of
nonepidemic encephalitis and accounts for
10% to 20% of cases (Whitley, 2006). The
estimated annual incidence is 2.3 cases per mil-
lion population; 31% of cases occur in children.

Clinical Features. Primary infection is often the
cause of encephalitis in children. Only 22% of
those with encephalitis have a history of recur-
rent labial herpes infection. Typically, the
onset is acute and characterized by fever,
headache, lethargy, nausea, and vomiting.



Figure 2-1 Magnetic resonance image of herpes
encephalitis. T2-weighted image shows increased
signal intensity in both temporal lobes (arrow).
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Eighty percent of children show focal neuro-
logical disturbances (hemiparesis, cranial
nerve deficits, visual field loss, aphasia, and
focal seizures), and the remainder show
behavioral changes or generalized seizures
without clinical evidence of focal neurological
deficits. However, both groups have focal
abnormalities on neuroimaging studies or on
the EEG. Once a seizure occurs, the child is
comatose. The acute stage of encephalitis lasts
for approximately a week. Recovery takes sev-
eral weeks and is often incomplete.

Herpes meningitis is usually associated with
genital lesions. The causative agent is HSV-2.
The clinical features are similar to those of
aseptic meningitis caused by other viruses.

Diagnosis. Prompt consideration of herpes
simplex encephalitis is important because
treatment is available. Cerebrospinal fluid
pleocytosis is present in 97% of cases. The
median count is 130 leukocytes/mm3 (range,
0–1000). As many as 500 red blood cells/
mm3 may be present as well. The median pro-
tein concentration is 80 mg/dL (0.8 g/L), but
20% of those affected have normal protein
concentrations and 40% have concentrations
greater than 100 mg/dL (1 g/L). The glucose
concentration in the cerebrospinal fluid is
usually normal, but in 7% of cases, it is less
than half of the blood glucose concentration.

In the past, the demonstration of periodic
lateralizing epileptiform discharges on the
EEG was presumptive evidence of herpes
encephalitis. However, MRI has proved to be
a more sensitive early indicator of herpes
encephalitis. T2-weighted MRI studies show
increased signal intensity involving the cortex
and white matter in the temporal and inferior
frontal lobes (Fig. 2-1). The areas of involve-
ment then enlarge and coalesce. The identifi-
cation of the organism in the cerebrospinal
fluid by polymerase chain reaction has elimi-
nated the need for brain biopsy to establish
the diagnosis.

Management. Most physicians begin intrave-
nous acyclovir treatment in every child with a
compatible clinical history. The standard
course of treatment is 10 mg/kg every 8 hours
in adolescents and 20 mg/kg every 8 hours in
neonates and children for 14 to 21 days. Such
treatment decreases the mortality rate from
70% in untreated patients to 25% to 30%.
The highest mortality rate is in patients
already in coma at treatment onset. Function
returns to normal in 38% of cases. New neuro-
logical disturbances may occur in some
children after cessation of treatment (De
Tiege et al, 2003). These syndromes are more
likely when the original treatment course is
short. The role of corticosteroids remains un-
certain. Retrospective studies suggest no obvi-
ous harm and perhaps some benefit by
adding corticosteroids to acyclovir treatment
(Kamei et al, 2006).

A syndrome of choreoathetosis occurs
within 1 month of the original encephalitis.
Brain MRI does not show new necrotic areas,
and the mechanism may be immune mediated.
A second syndrome, which may occur early
or years later, lacks choreoathetosis but more
resembles the initial infection. The cause is
probably renewed viral replication.

Measles (Rubeola) Encephalitis

Compulsory immunization had almost elimi-
nated natural measles infection in the United
States, but the incidence began increasing
again in 1990 because of reduced immuniza-
tion rates. The risk of encephalitis from
natural disease is 1:1000. The mechanism of
measles encephalitis may be direct viral
infection, an allergic demyelination, or both.
Chapter 5 contains a description of a chronic
form of measles encephalitis (see “Subacute
Sclerosing Panencephalitis”).
61



Chapter 2 Altered States of Consciousness
Clinical Features. Measles is a neurotropic virus,
and abnormalities on the EEG are often pres-
ent even without clinical symptoms of en-
cephalopathy. Symptoms of encephalitis usu-
ally begin 1 to 8 days after the appearance of
a rash or are delayed for 3 weeks. The onset
is usually abrupt and characterized by lethargy
or obtundation that rapidly progresses to
coma. Generalized seizures occur in half of
children. The spectrum of neurological distur-
bances includes hemiplegia, ataxia, and invol-
untary movement disorders. Acute transverse
myelitis may occur as well (see Chapter 12).
The incidence of neurological morbidity
(mental retardation, epilepsy, and paralysis)
is high but does not correlate with the severity
of acute encephalitis.

Measles immunization does not cause an
acute encephalopathy or any chronic brain
damage syndrome. Generalized seizures may
occur during the second week after immuniza-
tion. These are mainly febrile seizures, and
recovery is complete.

Diagnosis. Examination of cerebrospinal fluid
shows lymphocytic pleocytosis. The number
of lymphocytes is usually highest in the first
few days but rarely exceeds 100 cells/mm3.
Protein concentrations are generally between
50 and 100 mg/dL (0.5 and 1 g/L), and the
glucose concentration is normal.

Management. Treatment is supportive. Anti-
convulsant drugs usually provide satisfactory
seizure control.
ACUTE DISSEMINATED
ENCEPHALOMYELITIS

Acute disseminated encephalomyelitis is a central
demyelinating disorder of childhood. The
belief was that acute disseminated encephalo-
myelitis was a monophasic immunological
reaction to a viral illness because fever is an
initial feature. This belief is incorrect on two
accounts. First, consider the fever as part of
the acute disseminated encephalomyelitis
and not as evidence of previous infection, and
second, acute disseminated encephalomyelitis
is rarely monophasic but is more often the
first attack of a recurring disorder similar
to multiple sclerosis. An immune-mediated
mechanism is the presumed pathophysiology
(Tenembaum et al, 2007).

There are examples of postinfectious disor-
ders in several chapters of this textbook; they
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include Guillain-Barré syndrome (see Chapter
7), acute cerebellar ataxia (see Chapter 10),
transverse myelitis (see Chapter 12), brachial
neuritis (see Chapter 13), optic neuritis (see
Chapter 16), and Bell palsy (see Chapter 17).
The cause-and-effect relationship between
viral infection and many of these syndromes
is impossible to establish, especially when 30
days is the accepted latency period between
viral infection and the onset of neurological
dysfunction. The average school-age child has
at least four to six viral illnesses each year, so
as many as half of children have a viral illness
30 days before the onset of any life event. This
average is probably higher for preschool-age
children in day care.

Clinical Features. MRI has expanded the spec-
trum of clinical features associated with acute
disseminated encephalomyelitis by allowing
the demonstration of small demyelinating
lesions. The encephalopathy is often pre-
ceded by lethargy, headache, and vomiting.
Whether these systemic features are symp-
toms of a viral illness or of early encephalop-
athy is not clear. The onset of neurological
symptoms is abrupt and characterized by
focal motor signs, altered states of conscious-
ness, or both. Optic neuritis, transverse myeli-
tis, or both may precede the encephalopathy
(see Chapter 12). Some children never have
focal neurological signs, whereas in others,
the initial feature suggests a focal mass lesion.
Mortality is highest in the first week. A favor-
able outcome is not the rule. Many children
experience repeated episodes, and the disease
follows a course similar to that of multiple
sclerosis (Banwell et al, 2007).

Diagnosis. T2-weighted MRI reveals a marked
increase in signal intensity throughout the
white matter (Fig. 2-2). The corpus callosum
and periventricular region are commonly
affected (Hynson et al, 2001). The lesions
may resolve in the weeks that follow. In boys,
consider the diagnosis of adrenoleukodystro-
phy (see Chapter 5). The cerebrospinal fluid
is frequently normal. Occasional abnormalities
are mild lymphocytic pleocytosis and an
increase in protein concentration.

Management. Treatment with intravenous high-
dose methylprednisolone is helpful in approx-
imately 50% of cases. Intravenous immuno-
globulin and plasma exchange may benefit
children who fail to respond to corticosteroids
(Khurana et al, 2005). All treatment protocols
are empirical.



Figure 2-2 Postinfectious demyelination of the
cerebral hemispheres. Areas of increased signal
intensity are seen in both hemispheres (arrows).
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Reye Syndrome

Reye syndrome is a systemic disorder of mito-
chondrial function that occurs during or after
viral infection. The occurrence is higher with
salicylate use for symptomatic relief during
viral illness. Recognition of this relationship
has led to decreased use of salicylates in chil-
dren and a marked decrease in the incidence
of Reye syndrome.

Clinical Features. In the United States, spo-
radic cases are generally associated with vari-
cella (chickenpox) or nonspecific respiratory
infections; small epidemics are associated with
influenza B infection. When varicella is the
precipitating infection, the initial stage of Reye
syndromeoccurs 3 to 6 days after the appearance
of a rash.

The clinical course is relatively predictable
and divided into five stages:

Stage 0: Vomiting, but no symptoms of
brain dysfunction

Stage I: Vomiting, confusion, and lethargy
Stage II: Agitation, delirium, decorticate
posturing, and hyperventilation

Stage III: Coma and decerebrate posturing
Stage IV: Flaccidity, apnea, and dilated, fixed
pupils
The progression from stage I to stage IV
may be explosive, evolving in less than 24
hours. More commonly, the period of recur-
rent vomiting and lethargy lasts for a day or
longer. In most children with vomiting and
laboratory evidence of hepatic dysfunction
after varicella or respiratory infection, a liver
biopsy specimen shows the features of Reye
syndrome, despite normal cerebral function.
The designation of this stage is Reye stage 0.
Stages I and II represent metabolic dysfunc-
tion and cerebral edema. Stages III and IV
indicate generalized increased intracranial
pressure and herniation.

Focal neurological disturbances and menin-
gismus are not part of the syndrome. Fever is
not a prominent feature, and hepatomegaly
occurs in one half of patients late in the course
of the disease. The outcome is variable, but as a
rule, infants fare worse than older children.
Progression to stages III and IV at all ages is
associated with a high death rate and impaired
neurological function in survivors.

Diagnosis. Typical blood abnormalities are
hypoglycemia, hyperammonemia, and in-
creased concentrations of hepatic enzymes.
Serum bilirubin concentrations remain nor-
mal, and jaundice does not occur. Acute
pancreatitis sometimes develops and is iden-
tified by increased concentrations of serum
amylase. The cerebrospinal fluid is normal
except for increased pressure. The EEG
shows abnormalities consistent with diffuse
encephalopathy.

A liver biopsy is definitive. Light microscopy
shows panlobular accumulation of small intra-
cellular lipid droplets and depletion of succinic
acid dehydrogenase in the absence of other
abnormalities. Electron microscopic changes
include characteristicmitochondrial abnormal-
ities, peroxisomal proliferation and swelling,
proliferation of smooth endoplasmic reticu-
lum, and glycogen depletion.

Conditions that mimic Reye syndrome are
disorders of fatty acid oxidation, ornithine
transcarbamylase deficiency, and valproate hep-
atotoxicity. Assume an inborn error of metabo-
lism in any child with recurrent Reye syndrome
(see Table 2-4) or a family history of similar
illness. Metabolic products of valproate are
mitochondrial poisons that produce an experi-
mental model of Reye syndrome.

Management. Admit all children to a pediatric
intensive care unit. Treatment of children
with stage I or II disease is intravenous hyper-
tonic (10%–15%) glucose solution at normal
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maintenance volumes. Stages III and IV
require treatment of increased intracranial
pressure (see Chapter 4) by elevation of the
head, controlled mechanical ventilation, and
mannitol. Corticosteroids are of limited bene-
fit and not routinely used. Some authorities
continue to advocate intracranial pressure
monitors and pentobarbital coma, despite
their failure to affect outcome. Fortunately,
this once common and deadly disease has
disappeared in the United States with discon-
tinuation of salicylate therapy for children.
POSTIMMUNIZATION
ENCEPHALOPATHY

Three types of vaccine are in general use in
the United States: live-attenuated viruses,
whole- or fractionated-killed organisms, and
toxoids.

Live-attenuated virus vaccines (measles,
mumps, rubella, varicella, and oral poliomyelitis)
produce a mild and harmless infection with
subsequent immunity. However, even under
ideal circumstances of vaccine preparation and
host resistance, symptoms of the natural disease
and its known neurological complications may
develop in vaccine recipients.

Whole-killed organisms (pertussis, influ-
enza, rabies, and inactivated poliomyelitis) do
not reproduce their natural disease, but
alleged injury to the nervous system is by a
toxic or allergic mechanism. Whole-cell per-
tussis vaccine causes seizures, and although
causation of chronic brain damage was never
established, the Institute of Medicine has con-
ceded the possibility based on the National
Childhood Encephalopathy Study. Fortu-
nately, a safe acellular vaccine replaced whole-
cell vaccine. Semple rabies vaccine had been
an important cause of encephalitis, but the
newer vaccine, prepared from a virus grown
on human diploid cells, is safe and only rarely
implicated as a cause of polyneuropathy. Sem-
ple vaccine, still in use in some parts of the
world, contains myelin-basic protein and is
known to cause encephalomyelitis. None of
the other whole-killed organism vaccines cause
encephalopathy.

Toxoid production occurs by the inactiva-
tion of toxins produced by bacteria. Diphthe-
ria and tetanus toxoids are the only such
vaccines now in use. Tetanus toxoid is asso-
ciated with Guillain-Barré syndrome and bra-
chial plexitis; neither is associated with
encephalopathy.
64
METABOLIC AND SYSTEMIC
DISORDERS

Disorders of Osmolality

The number of particles in a solution deter-
mines the osmolality of a solution. Sodium
salts, glucose, and urea are the primary
osmoles of the extracellular space, potassium
salts of the intracellular space, and plasma
proteins of the intravascular space. Because
cell membranes are permeable to water and
osmotic equilibrium is constant, the osmolality
of the extracellular space determines the vol-
ume of intracellular fluid. Hypernatremia
and hyperglycemia are the major causes of
serum hyperosmolality, and hyponatremia is
the main cause of serum hypo-osmolality.

Diabetic Ketoacidosis

The major cause of symptomatic hyperglyce-
mia in children is diabetic ketoacidosis. Non-
ketotic hyperglycemic coma, associated with
mild or non-insulin-requiring diabetes, is
unusual in children.

Clinical Features. Diabetic ketoacidosis devel-
ops rapidly in children who have neglected
to take prescribed doses of insulin or who have
a superimposed infection. Initial features are
polydipsia, polyuria, and fatigue. The child
hyperventilates to compensate for metabolic
acidosis. Lethargy rapidly progresses to coma.
Ketoacidosis is the leading cause of death in
children with diabetes, and mortality rates
are still as high as 10%.

Cerebral edema develops in 1% of cases of
diabetic ketoacidosis. The attributed mecha-
nism is retention of intracellular osmolytes in
the brain during hydration, causing a shift of
water into the intracellular space. Signs of
cerebral edema include agitation, confusion,
lethargy, headache, emesis, and incontinence.
The severity of cerebral edema correlates with
changes in the level of consciousness. Other
less common neurological complications of
diabetic ketoacidosis are venous sinus throm-
bosis and intracerebral hemorrhage. Both are
associated with focal or generalized seizures.

Diagnosis. The basis for diagnosis is the com-
bination of a blood glucose level greater than
400 mg/dL (22 mmol/L), the presence of
serum and urinary ketones, an arterial pH less
than 7.25, and a serum bicarbonate concentra-
tion less than 15 mmol/L.
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Management. In children with moderate to
severe diabetic ketoacidosis, avoid the rapid
administration of hypotonic fluids at a time
of high serum osmolality. Replace fluid defi-
cits evenly over 48 hours. Decrease the sodium
deficit by half in the first 12 hours, and elimi-
nate the remainder over the next 36 hours.
Provide bicarbonate ion in physiological
proportions.

Hypoglycemia

Symptomatic hypoglycemia after the neonatal
period is usually associated with insulin use
in the treatment of diabetes mellitus. Only a
few cases are caused by sepsis and inborn
errors of metabolism.

Clinical Features. Clinical features are not pre-
cisely predictable from the blood glucose con-
centration. Hypoglycemia does not usually
become symptomatic until blood concentra-
tions are less than 50 mg/dL (2.8 mmol/L).
The rate of decrease may be important in
determining the clinical features. Dizziness
and tremor may occur at blood concentrations
less than 60 mg/dL (3.1 mmol/L) and serve
as a warning of insulin overdose. Greater
decreases in blood glucose concentration
result in confusion, delirium, and loss of con-
sciousness. Sudden hemiplegia, usually transi-
tory and sometimes shifting between the two
sides, is a rare feature of hypoglycemia. The
mechanism is unknown, and CT shows no evi-
dence of infarction.

Diagnosis. Always suspect hypoglycemia in dia-
betic children with altered mental status or
decreased consciousness. Measure the blood
glucose concentration promptly.

Management. Diabetic children should be
encouraged to carry a source of sugar for
use at the first symptom of hypoglycemia.
Children who are comatose from hypoglyce-
mia should receive immediate intravenous
glucose replacement. Complete recovery is
the rule.

Hypernatremia

The usual causes of hypernatremia are (1)
dehydration in which water loss exceeds
sodium loss and (2) overhydration with hyper-
tonic saline solutions. Hypernatremia is a
medical emergency and, if not corrected
promptly, may lead to permanent brain dam-
age and death.
Clinical Features. Hypernatremic dehydration
may be a consequence of vomiting or diarrhea,
especially if water intake is restricted. Overzeal-
ous correction of hyponatremia causes iatro-
genic hypernatremia. Rapid alterations in
sodium concentration are much more likely
to cause encephalopathy than are equivalent
concentrations attained slowly. The symptoms
of hypernatremia are referable to the nervous
system and include irritability, lethargy pro-
gressing to coma, and seizures. The presence
of focal neurological deficits suggests cerebral
venous sinus thrombosis.

Diagnosis. Symptomatic hypernatremia devel-
ops at sodium concentrations greater than
160 mEq/L (160 mmol/L). The EEG shows
the nonspecific slowing associated with meta-
bolic encephalopathies. Focal slowing on the
EEG or focal abnormalities on examination
warrants neuroimaging to look for venous
sinus thrombosis.

Chronic or recurrent episodes of hyperna-
tremia may result from hypodipsia (lack of
thirst), a rare condition encountered in chil-
dren with congenital or acquired brain disor-
ders. The syndrome is usually associated with
a defect in secretion of antidiuretic hormone.

Management. Rapid water replacement can
lead to cerebral edema. The recommended
approach is to correct abnormalities of intra-
vascular volume before correcting the water
deficit.

Hyponatremia

Hyponatremia may result from water reten-
tion, sodium loss, or both. The syndrome of
inappropriate antidiuretic hormone secretion
(SIADH) is an important cause of water reten-
tion. Sodium loss results from renal disease,
vomiting, and diarrhea. Permanent brain dam-
age from hyponatremia is uncommon, but may
occur in otherwise healthy children if the
serum sodium concentration remains less
than 115 mEq/L for several hours.

Syndrome of Inappropriate Antidiuretic
Hormone Secretion

SIADH occurs in association with several neu-
rological disorders, including head trauma,
infections, and intracranial hemorrhage.

Clinical Features. Most patients with SIADH
have a preexisting loss of consciousness from
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their underlying neurological disorder. In
such patients, hyponatremia is the only fea-
ture of SIADH. In those who are alert, lethargy
develops from the hyponatremia but rarely
progresses to coma or seizures.

Diagnosis. The care of children with acute
intracranial disorders requires vigilance for
SIADH. Repeated determinations of the
serum sodium concentration are required.
Measure the urinary sodium concentration
once, documenting hyponatremia and low
serum osmolality. The urine osmolality in
SIADH is not always greater than the serum
osmolality, but the urine is less than maximally
dilute, which excludes the dilutional hypona-
tremia of water intoxication.

Management. All signs of SIADH respond to
fluid restriction. An intake of 50% to 75% of
daily water maintenance is generally satisfactory.

Sodium Loss

Clinical Features. Movement of water into the
brain causes hyponatremic encephalopathy. Serum
sodium concentrations less than 125 mEq/L
(125 mmol/L) are associated with nausea, vomit-
ing, muscular twitching, and lethargy. Seizures
and coma are associated with a further decrease
to less than 115 mEq/L (115 mmol/L).

Diagnosis. Hyponatremia is a potential prob-
lem in children with vomiting or diarrhea or
with renal disease. Both serum and urinary
sodium concentrations are low.

Management. Infuse hypertonic sodium chlo-
ride (514 mEq/L) with the goal of increasing
the serum sodium concentration to 125 to
130 mEq/L (125–130 mmol/L) but by no
more than 25 mEq/L (25 mmol/L) in the first
48 hours. More rapid corrections are asso-
ciated with seizures, hypernatremic encepha-
lopathy, and the possibility of central pontine
myelinolysis.
Endocrine Disorders

Adrenal Disorders

Adrenal hypersecretion causes agitation or
depression but does not produce coma. Adre-
nal failure may result from sepsis, abrupt with-
drawal of corticosteroid therapy, or adrenal
hemorrhage. Initial symptoms are nausea,
vomiting, abdominal pain, and fever. Lethargy
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progresses to coma and is associated with
hypovolemic shock. Prompt intravenous infu-
sion of fluids, glucose, and corticosteroids is
lifesaving.

Parathyroid Disorders

All the neurological features of hyperparathy-
roidism relate to hypercalcemia. Weakness
and myopathy are relatively common. Altera-
tions in mental status occur in 50% of patients
and include apathy, delirium, paranoia, and
dementia. Apathy and delirium occur at
serum calcium concentrations greater than
11 mg/dL (2.75 mmol/L), and psychosis and
dementia develop at concentrations of
16 mg/dL (4 mmol/L) or greater.

Seizures are the main feature of hypopara-
thyroidism and hypocalcemia. They may be
generalized or focal and are often preceded
by tetany. Hypocalcemic seizures do not re-
spond to anticonvulsant drugs; calcium replace-
ment is the only treatment.

Thyroid Disorders

Hyperthyroidism causes exhilaration border-
ing on mania and may be associated with sei-
zures and chorea (see Chapter 14). Thyroid
storm (crisis) is a life-threatening event char-
acterized by restlessness, cardiac arrhythmia,
vomiting, and diarrhea. Delirium is an early
feature and may progress to coma.

Acquired hypothyroidism affects both the
peripheral and central nervous systems.
Peripheral effects include neuropathy and
myopathy. Central effects are cranial nerve
abnormalities, ataxia, psychoses, dementia, sei-
zures, and coma. Delusions and hallucinations
occur in more than half of patients with long-
standing disease. Myxedema coma, a rare
manifestation of long-standing hypothyroid-
ism in adults, is even less common in children.
A characteristic feature is profound hypother-
mia without shivering.

HASHIMOTO ENCEPHALOPATHY

Hashimoto thyroiditis is a steroid-responsive
encephalopathy associated with high titers of
antithyroid antibodies (Castillo et al, 2006).
It often occurs in association with other
immune-mediated disorders.

Clinical Features. The progression of symp-
toms is variable. In some patients, it begins
with headache and/or confusion that pro-
gresses to stupor. In others, a progressive
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encephalopathy characterized by dementia
occurs. Focal or generalized seizures and tran-
sitory neurological deficits (stroke-like epi-
sodes) may be an initial or a late feature.
Tremulousness and/or myoclonus occur dur-
ing some stage in the illness. The encephalop-
athy lasts for days to months and often
gradually disappears. Recurrent episodes are
the rule and may coincide with the menstrual
cycle (Sellal et al, 2002).

Diagnosis. Suspect Hashimoto thyroiditis in
every case of recurrent or progressive enceph-
alopathy. The cerebrospinal fluid protein con-
centration is usually increased, sometimes to
more than 100 mg/dL (1 g/L), but the pres-
sure and cell count are normal. Affected indi-
viduals are usually euthyroid. The diagnosis
depends on the presence of antithyroid anti-
bodies. Antibodies against thyroglobulin and
the microsomal fraction are most common,
but antibodies against other thyroid elements
and other organs may be present as well. Anti-
thyroid antibodies and circulating immune
complexes are detectable in the cerebrospinal
fluid but do not correlate with clinical symp-
toms (Ferracci et al, 2003). MRI reveals diffuse
signal abnormalities in the white matter.

Management. Corticosteroids are beneficial in
ending an attack and preventing further epi-
sodes. The long-term prognosis is good.
Hepatic Encephalopathy

Children with acute hepatic failure often
develop severe cerebral edema. Viral hepatitis,
drugs, toxins, and Reye syndrome are the main
causes of acute hepatic failure. The cause of
encephalopathy is hepatic cellular failure and
the diversion of toxins from the hepatic portal
vein into the systemic circulation. Severe viral
hepatitis with marked elevation of the unconju-
gated bilirubin concentration may even lead to
kernicterus in older children.

In children with chronic cholestatic liver
disease, demyelination of the posterior col-
umns and peripheral nerves may result from
vitamin E deficiency. The major features are
ataxia, areflexia, and gaze paresis, without evi-
dence of encephalopathy (see Chapter 10).

Clinical Features. The onset of encephalopathy
can be acute or slowly evolving (Tessier et al,
2002). Malaise and fatigue are early symptoms
that accompany the features of hepatic failure:
jaundice, dark urine, and abnormal results of
liver function tests. Nausea and vomiting occur
with fulminating hepatic failure. The onset of
comamay be spontaneous or induced by gastro-
intestinal bleeding, infection, high protein
intake, and excessive use of tranquilizers or
diuretics. The first features are disturbed sleep
and a change in affect. Drowsiness, hyperventila-
tion, and asterixis (a flapping tremor at the wrist
with arms extended and wrists flexed) follow.
Hallucinations sometimes occur during early
stages, but a continuous progression to coma is
more common. Seizures and decerebrate rigid-
ity develop as the patient becomes comatose.

Diagnosis. In hepatic coma, the EEG pattern is
not specific but is always abnormal and suggests
a metabolic encephalopathy: loss of posterior
rhythm, generalized slowing of background,
and frontal triphasicwaves. Biochemicalmarkers
of liver failure include a sharp increase in serum
transaminase, mixed hyperbilirubinemia, in-
creased prothrombin time, hyperammonemia,
and a decrease in serum albumin concentration.

Management. The goal of treatment is to main-
tain cerebral, renal, and cardiopulmonary
function until liver regeneration or transplan-
tation can occur. Cerebral function is im-
paired not only by abnormal concentrations of
metabolites but also by cerebral edema.
Inborn Errors of Metabolism

The inborn errors of metabolism that cause
states of decreased consciousness are usually
associated with hyperammonemia, hypoglyce-
mia, or organic aciduria. Neonatal seizures are
an early feature in most of these conditions
(see Chapter 1), but some may not cause symp-
toms until infancy or childhood. Inborn errors
with a delayed onset of encephalopathy include
disorders of pyruvate metabolism and respira-
tory chain disorders (see Chapters 5, 6, 8, and
10), hemizygotes for ornithine carbamylase defi-
ciency and heterozygotes for carbamyl phos-
phate synthetase deficiency (see Chapter 1),
glycogen storage diseases (see Chapter 1), and
primary carnitine deficiency.

Medium-Chain Acyl-Coenzyme A
Dehydrogenase Deficiency

Medium-chain acyl-coenzyme A (CoA) dehydro-
genase is one of the enzymes involved in mito-
chondrial fatty acid oxidation. Mitochondrial
fatty acid oxidation fuels hepatic ketogenesis, a
major source of energy when hepatic glycogen
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stores deplete during prolonged fasting and
periods of higher energy demands (Matern
and Rinaldo, 2005). Transmission of the trait is
by autosomal recessive inheritance. Medium-
chain acyl-CoA dehydrogenase deficiency is the
main cause of the syndrome of primary carnitine
deficiency (Table 2-6). Carnitine has two main
functions: (1) the transfer of long-chain fatty
acids into the inner mitochondrial membrane
to undergo b-oxidation and generate energy
and (2) themodulation of the acyl-CoA–to–CoA
ratio and the esterification of potentially toxic
acyl-CoA metabolites. The transfer of fatty acids
across the mitochondrial membrane requires
the conversion of acyl-CoA to acylcarnitine and
the enzyme carnitine palmitoyltransferase. If
the carnitine concentration is deficient, toxic
levels of acyl-CoA accumulate and impair the
citric acid cycle, gluconeogenesis, the urea cycle,
and fatty acid oxidation.

Clinical Features. The characteristic features of
the disorder are intolerance to prolonged fast-
ing, recurrent episodes of hypoglycemia, and
coma. Affected children are normal at birth.
Recurrent attacks of nonketotic hypoglycemia,
vomiting, confusion, lethargy, and coma are
provoked by intercurrent illness or fasting dur-
ing infancy and early childhood. Cardiorespira-
tory arrest and sudden infant death may occur,
but medium-chain acyl-CoA dehydrogenase is
not an important cause of the sudden infant
Table 2-6 Differential Diagnosis
of Carnitine Deficiency

Inborn Errors of Metabolism

Aminoacidurias
Glutaric aciduria
Isovaleric acidemia
Methylmalonic acidemia
Propionic acidemia

Disorders of pyruvate metabolism
Multiple carboxylase deficiency
Pyruvate carboxylase deficiency
Pyruvate dehydrogenase deficiency

Disorders of the respiratory chain
Medium-chain acyl-coenzyme A dehydrogenase

deficiency
Phosphoglucomutase deficiency

Acquired Conditions

Hemodialysis
Malnutrition
Pregnancy
Reye syndrome
Total parenteral nutrition
Valproate hepatotoxicity
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death syndrome. Between attacks, the child
may appear normal. In some families, the defi-
ciency causes cardiomyopathy, whereas in
others, it causes only mild to moderate proxi-
mal weakness (see Chapters 6 and 7). Defi-
ciencies of long-chain and short-chain acyl-
CoA dehydrogenase cause a similar clinical
phenotype.

Diagnosis. All affected children have decreased
or absent urinary ketones during episodes of
hypoglycemia and increased serum concentra-
tions of aspartate aminotransferase and lactate
dehydrogenase. Blood carnitine concentrations
are less than 20 mmol/mg noncollagen protein.
Showing the enzyme deficiency or the genetic
mutation establishes the diagnosis.

Management. The prognosis is excellent once
the diagnosis is established, and institution of
frequent feedings avoids prolonged periods
of fasting. L-Carnitine supplementation, initi-
ally 50 mg/kg/day and increased as tolerated
(to as much as 800 mg/kg/day), further de-
creases the possibility of attacks. Adverse ef-
fects of carnitine include nausea, vomiting,
diarrhea, and abdominal cramps.

During an acute attack, provide a diet rich
in medium-chain triglycerides and low in
long-chain triglycerides in addition to carni-
tine. General supportive care is required for
hypoglycemia and hypoprothrombinemia.
Renal Disorders

Children with chronic renal failure are at risk
of acute or chronic uremic encephalopathy,
dialysis encephalopathy, hypertensive enceph-
alopathy, and neurological complications of
the immunocompromised state.

Acute Uremic Encephalopathy

Clinical Features. In children with acute renal
failure, symptoms of cerebral dysfunction
develop over several days. Asterixis is often
the initial feature. Periods of confusion and
headache, sometimes progressing to delirium
and then to lethargy, follow. Weakness, tremu-
lousness, and muscle cramps develop. Myo-
clonic jerks and tetany may be present. If
uremia continues, decreasing consciousness
and seizures follow.

Hemolytic-uremic syndrome is a leading cause
of acute renal failure in children younger
than 5 years old. The combination of
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thrombocytopenia, uremia, and Coombs-
negative hemolytic anemia is a characteristic
feature. Encephalopathy is the usual initial
feature, but hemiparesis and aphasia caused
by thrombotic stroke can occur in the absence
of seizures or altered states of consciousness.
Most children recover, but may have chronic
hypertension. Survivors usually have normal
cognitive function, but may have hyperactivity
and inattentiveness.

Diagnosis. The mechanism of uremic enceph-
alopathy is multifactorial and does not corre-
late with concentrations of blood urea nitro-
gen alone. Hyperammonemia and disturbed
equilibrium of ions between the intracellular
and extracellular spaces are probably impor-
tant factors. Late in the course, acute uremic
encephalopathymay be confused with hyperten-
sive encephalopathy. A distinguishing feature
is that increased intracranial pressure is an
early feature of hypertensive encephalopathy
but not of acute uremic encephalopathy. Early
in the course, the EEG shows slowing of the
background rhythms and periodic triphasic
waves (Palmer, 2002).

Management. Hemodialysis reverses the enceph-
alopathy and should be accomplished as quickly
as possible after diagnosis.
Chronic Uremic Encephalopathy

Clinical Features. Congenital renal hypoplasia
is the usual cause of chronic uremic encepha-
lopathy. Renal failure begins during the first
year, and encephalopathy occurs between
1 and 9 years of age. Growth failure precedes
the onset of encephalopathy. Three stages of
disease occur sequentially.

Stage 1 consists of delayed motor develop-
ment, dysmetria and tremor, or ataxia.
Examination during this stage reveals
hyperreflexia, mild hypotonia, and exten-
sor plantar responses. Within 6 to 12
months, the disease progresses to stage 2.

Stage 2 includes myoclonus of the face and
limbs, partial motor seizures, dementia,
and then generalized seizures. Facial
myoclonus and lingual apraxia make
speech and feeding difficult, and limb
myoclonus interferes with ambulation.
The duration of stage 2 is variable and
may be months to years.

Stage 3 consists of progressive bulbar failure,
a vegetative state, and death.
Diagnosis. The diagnosis is based on the clini-
cal findings. Serial EEGs shows progressive
slowing and then superimposed epileptiform
activity, and serial CT scans demonstrate pro-
gressive cerebral atrophy. Hyperparathyroidism
with hypercalcemia occurs in some children
with chronic uremic encephalopathy, but para-
thyroidectomy does not reverse the process.

Management. Hemodialysis and renal trans-
plantation have not altered the course in most
patients.
Dialysis Encephalopathy

Long-term dialysis may be associated with
acute, transitory neurological disturbances
attributed to the rapid shift of fluids and elec-
trolytes between intracellular and extracellular
spaces (dialysis disequilibrium syndrome). The
most common of these are headaches, irrita-
bility, muscle cramps, and seizures. Seizures
usually occur toward the end of dialysis or as
long as 24 hours later. Lethargy or delirium
may precede the seizures.

Progressive encephalopathies associated with
dialysis are often fatal. Two important causes
exist: (1) opportunistic infections in the im-
munodeficient host usually caused by cyto-
megalovirus and mycoses in children and (2)
dialysis dementia syndrome.

Dialysis Dementia Syndrome

Clinical Features. The mean interval between
the start of dialysis and the onset of symptoms
is 4 years (range, 1–7 years), and subsequent
progression of symptoms varies from weeks to
years. A characteristic speech disturbance
develops either as an initial feature or later
in the course. It begins as intermittent hesi-
tancy of speech (stuttering and slurring) and
may progress to aphasia. Agraphia and apraxia
may be present as well. Subtle personality
changes suggestive of depression occur early
in the course. There may be a phase of halluci-
nations and agitation, and progressive demen-
tia develops.

Myoclonic jerking of the limbs is often pres-
ent before the onset of dementia. It is first
noted during dialysis and soon becomes con-
tinuous and interferes with normal activity.
Generalized tonic-clonic seizures often develop
and become more frequent and severe as the
encephalopathy progresses. There may be com-
plex partial seizures, but focal motor seizures
are unusual.
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Figure 2-3 Magnetic resonance imaging in hyper-
tensive encephalopathy. Arrow indicates increased
signal intensity in both occipital lobes.
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Neurological examination reveals the triad
of speech arrest, myoclonus, and dementia.
In addition, there may be symmetrical proxi-
mal weakness (myopathy) or distal weakness
and sensory loss (neuropathy) with loss of
tendon reflexes.

Diagnosis. EEG changes correlate with disease
progression. A characteristic early feature is
the appearance of paroxysmal high-amplitude
delta activity in the frontal areas despite a nor-
mal posterior rhythm. Eventually the back-
ground becomes generally slow, and frontal
triphasic waves are noted. Epileptiform activity
develops in all patients with dialysis dementia
and is the EEG feature that differentiates
dialysis dementia from uremic encephalopa-
thy. The activity consists of sharp, spike, or
polyspike discharges that may have a periodic
quality.

Management. Aluminum toxicity derived from
the dialysate fluid is the probable cause of
most cases. Removal of aluminum from dialy-
sate prevents the appearance of new cases
and progression in some established cases.

Hypertensive Encephalopathy

Hypertensive encephalopathy occurs when
increases in systemic blood pressure exceed
the limits of cerebral autoregulation. The result
is damage to small arterioles, which leads to
patchy areas of ischemia and edema. There-
fore, focal neurological deficits are relatively
common.

Clinical Features. The initial features are tran-
sitory attacks of cerebral ischemia and head-
ache. Misinterpretation of such symptoms as
part of uremic encephalopathy is common,
despite the warning signs of focal neurological
deficits. Headache persists and is accompanied
by visual disturbances and vomiting. Seizures
and diminished consciousness follow. The sei-
zures are frequently focal at their onset and
become generalized. Examination reveals pa-
pilledema and retinal hemorrhages.

Diagnosis. Because the syndrome occurs in chil-
dren receiving long-term renal dialysis while
awaiting transplantation, the differential diag-
nosis includes disorders of osmolality, uremic
encephalopathy, and dialysis encephalopathy.
A posterior cerebral edema syndrome associated
with hypertensive encephalopathy is evident on
MRI (Fig. 2-3). Hypertensive encephalopathy
is distinguishable from other encephalopathies
70
associated with renal disease by the greater
elevation of blood pressure and the presence
of focal neurological disturbances.

Management. Hypertensive encephalopathy is
a medical emergency. Treatment consists of
anticonvulsant therapy and aggressive efforts
to reduce hypertension. Measures to reduce
cerebral edema are required in some patients.
Other Metabolic Encephalopathies

Table 2-3 lists several less common causes of
metabolic encephalopathy. Some are attribut-
able to derangements of a single substance,
but most are multifactorial.

In 5% of children with burns covering 30%
of the body surface, an encephalopathy that
may have an intermittent course develops
(burn encephalopathy). The onset is days to
weeks after the burn. Altered mental states
(delirium or coma) and seizures (generalized
or focal) are the major features. The encepha-
lopathy is not attributable to a single factor.

Encephalopathies that occur during total
parenteral hyperalimentation are generally
attributable to hyperammonemia caused by
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excessive loads of amino acids. The causes of
hypomagnesemia in infancy include prematu-
rity, maternal deficiency, maternal or infant
hypoparathyroidism, a diet high in phospho-
rus, exchange transfusion, intestinal disorders,
and specific defects in magnesium absorption.
These conditions are often associated with hy-
pocalcemia. Excessive use of diuretics causes
hypomagnesemia in older children. Symptoms
develop when plasma magnesium concentra-
tions are less than 1.2 mg/dL (0.5 mmol/L)
and include jitteriness, hyperirritability, and
seizures. Further decline in serum magnesium
concentrations leads to obtundation and coma.

Deficiency of one or more B vitamins may be
associated with lethargy or delirium, but only
thiamine deficiency causes coma. Thiamine
deficiency is relatively common in alcoholic
adults and produces Wernicke encephalopa-
thy, but is uncommon in children. Subacute
necrotizing encephalopathy (Leigh disease) is
a thiamine deficiency–like state in children
(see Chapters 5 and 10).
Systemic Lupus Erythematosus

SLE is a multisystem autoimmune disease
characterized by the presence of antinuclear
antibodies, especially antibodies to double-
standard DNA. It accounts for 5% of patients
seen in pediatric rheumatology clinics. The
onset of SLE is uncommon before adoles-
cence. In childhood, the ratio of girls affected
to boys is 5:1.

The pathophysiology of the neurological
dysfunction is immune complex deposition
in the brain rather than vasculitis. The clinical
and imaging features are consistent with dif-
fuse encephalopathy rather than stroke.

Clinical Features. The female-to-male gender
bias is 8:1. Central nervous system manifesta-
tions are the initial features of SLE in 20% of
cases, occurring in half of the children during
the course of their illness. Neuropsychiatric
abnormalities occur in as many as 95% of
patients. Patients with central nervous system
involvement usually have a more severe course.
Other common features are recurrent head-
ache, cognitive disorders, and seizures. Some
degree of cognitive dysfunction is measurable
in most patients, but dementia is uncommon.
Depression and anxiety are relatively common.
It is uncertain whether depression is symptom-
atic of the disease or a reaction to chronic ill-
ness. Corticosteroids, which are a mainstay of
treatment, may also contribute to the anxiety.
Frank psychosis, as defined by impaired reality
testing and hallucinations, occurs in less than
15% of patients.

Diagnosis. Other criteria establish the diagno-
sis of SLE before the development of encepha-
lopathy. Patients with encephalopathy usually
have high serum titers of anti-DNA and lym-
phocytotoxic antibodies and high cerebrospinal
fluid titers of antineural antibodies, further sup-
porting the concept that the encephalopathy is
immune mediated.

Management. The usual treatment of the cen-
tral nervous system manifestations of SLE is
high-dose oral or intravenous corticosteroids
after ruling out an infectious process. Several
studies support the use of both corticosteroids
and cyclophosphamide in treating central ner-
vous system lupus.
MIGRAINE

Migraine causes several neurological syn-
dromes and is discussed in many chapters.
Among its less common syndromes are a con-
fusional state, an amnestic state, and coma.
Acute Confusional Migraine

Clinical Features. A confused and agitated state
resembling toxic-metabolic psychosis occurs as
a migraine variant in children between the
ages of 5 and 16. Most affected children are
10 years of age or older. The symptoms
develop rapidly. The child becomes delirious
and appears to be in pain but does not com-
plain of headache. Impaired awareness of the
environment, retarded responses to painful
stimuli, hyperactivity, restlessness, and combat-
ive behavior are evident. The duration of an
attack is usually 3 to 5 hours but may be as
long as 20 hours. The child eventually falls
into a deep sleep, appears normal on awaken-
ing, and has no memory of the episode. Con-
fusional attacks tend to recur over days or
months and then evolve into typical migraine
episodes.

Diagnosis. Migraine is always a clinical diagno-
sis, and other possibilities require exclusion.
The diagnosis relies heavily on a family history
of migraine, but not necessarily of confusional
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migraine. During or shortly after a confusional
attack, the EEG shows unilateral temporal or
occipital slowing.

Management. Most individuals experiencing a
first attack seek emergency services. Intramus-
cular chlorpromazine, 1 mg/kg, treats the
acute attack. After the attack ends, suggest a
prophylactic agent to prevent further episodes
(see Chapter 3).
Migraine Coma

Migraine coma is a rare, extreme form of
migraine.

Clinical Features. The major features of mi-
graine coma are (1) recurrent episodes of
coma precipitated by trivial head injury and
(2) apparent meningitis associated with life-
threatening cerebral edema. Migraine coma
occurs in kindred with familial hemiplegic
migraine (see Chapter 11), but a similar syn-
drome may occur in sporadic cases as well.
Coma develops after minor head injury and
is associated with fever. Cerebral edema
causes increased intracranial pressure. States
of decreased consciousness may last for several
days. Recovery is then complete.

Diagnosis. Coma following even minor head
injury causes concern for intracranial hemor-
rhage. The initial CT scan may be normal,
especially if obtained early in the course. Scans
obtained between 24 and 72 hours show either
generalized or focal edema. Examination of
the cerebrospinal fluid reveals increased
pressure and pleocytosis (as many as 100
cells/mm3). The combination of fever, coma,
and cerebrospinal fluid pleocytosis suggests
viral encephalitis, and herpes is a possibility
if edema localizes to one temporal lobe.

Management. Treat children who have experi-
enced migraine coma with a prophylactic
agent to prevent further attacks (see Chapter
3). The major treatment goal during the acute
attack is to decrease intracranial pressure by
reducing cerebral edema (see Chapter 4).
Transient Global Amnesia

Sudden inability to form new memories and
repetitive questioning about events, without
other neurological symptoms or signs, charac-
terize transient global amnesia. It usually
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occurs in adults and is not a migraine symp-
tom. However, migraine is the probable cause
when such attacks occur in children or in
more than one family member.

Clinical Features. Attacks last from 20 minutes
to several hours, and retrograde amnesia is
present on recovery. Many adults with tran-
sient global amnesia have a history of
migraine; a similar syndrome occurs in chil-
dren with migraine after minor head injury.
The attacks are similar to acute confusional
migraine except that the patient has less delir-
ium and greater isolated memory deficiency.

Diagnosis. A personal or family history of
migraine is essential for diagnosis. The CT
scan shows no abnormalities, but the EEG
may show slowing of the background rhythm
in one temporal lobe.

Management. Management is the same as for
migraine with aura (see Chapter 3).
PSYCHOLOGICAL DISORDERS

Panic disorders and schizophrenia may have
an acute onset of symptoms suggesting delir-
ium or confusion and must be distinguished
from acute organic encephalopathies.
Panic Disorder

Clinical Features. Recognition of panic attacks
as a disorder of adolescents and school-age
children is relatively recent. A panic attack is
an agitated state caused by anxiety. The princi-
pal features are paroxysmal dizziness, head-
ache, and dyspnea. Hyperventilation often
occurs and results in further dizziness, par-
esthesias, and lightheadedness. Usual factors
provoking attacks are phobias, such as fear of
going to school and fear of crowds. They can
last for minutes to hours and recur daily.

Diagnosis. Panic attacks simulate cardiac or neu-
rological disease, and many children undergo
extensive and unnecessary medical evaluation
before reaching a correct diagnosis. Suspect a
panic disorder in children with recurrent attacks
of hyperventilation, dizziness, or dyspnea.

Management. Antidepressant drugs have varying
degrees of efficacy. Alprazolam has the best
success rate. Initial doses are small (0.25 mg/
kg/day), but recurrent dosing may be needed.
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Schizophrenia

Clinical Features. Schizophrenia is a disorder
of adolescence or early adult life and is never
seen in prepubertal children. Schizophrenic
individuals do not have a history of an affec-
tive disorder. An initial feature is often declin-
ing work performance simulating dementia.
Intermittent depersonalization (not knowing
where or who one is) may occur early in the
course and suggests complex partial seizures.

Thoughts move with loose association from
one idea to another until they become inco-
herent. Delusions and hallucinations are com-
mon and usually have paranoid features.
Motor activity is either lacking or excessive
and purposeless. This combination of symp-
toms in an adolescent may be difficult to dis-
tinguish clinically from drug encephalopathy.

Diagnosis. Establishing the diagnosis is by
careful evaluation of mental status. The family
may have a history of schizophrenia. Neuro-
logical and laboratory findings are normal.
A normal EEG in an alert child with the clini-
cal symptoms of an acute encephalopathy
points to a psychological disturbance, includ-
ing schizophrenia.

Management. Schizophrenia is incurable, but
antipsychotic drugs alleviate many of the
symptoms.
TOXIC ENCEPHALOPATHIES

Accidental poisoning with drugs and chemicals
left carelessly within reach is relatively common
in children from ages 1 to 4. Between ages 4
and 10, a trough occurs in the frequency of poi-
soning, followed by increasing frequency of
intentional poisoning with substances of abuse
and prescription drugs.
Immunosuppressive Drugs

Immunosuppressive drugs are used extensively
in children undergoing organ transplantation.
The drugs themselves, secondary metabolic
disturbances, and cerebral infection may cause
encephalopathy at times of immunosuppres-
sion. Children treated with amphotericin B
to treat aspergillosis after bone marrow trans-
plantation for leukemia have developed a
severe encephalopathy with parkinsonian
features.
Corticosteroid Psychosis

Daily use of corticosteroids at doses lower than
1 mg/kg may cause hyperactivity, insomnia,
and anxiety. The higher doses used for immu-
nosuppression, generally more than 2 mg/kg/
day, may precipitate a psychosis similar to
schizophrenia or delirium. Stopping the drug
reverses the symptoms.
Cyclosporine Encephalopathy

Cyclosporine, the drug most commonly used
to prevent organ rejection, causes encephalop-
athy in 5% of transplant recipients. The blood
concentration of the drug does not correlate
simply with any neurological complication.
The more common syndrome consists of leth-
argy, confusion, cortical blindness, and visual
hallucinations without any motor distur-
bances. A similar syndrome also occurs in chil-
dren with hypertension from other causes who
are not taking cyclosporine. A second syn-
drome is a combination of motor symptoms
(ataxia, tremor, paralysis) and altered states
of consciousness and cognition.

MRI reveals widespread edema and leukoen-
cephalopathy. In children with a syndrome of
visual disturbances and encephalopathy, the
most intense disturbances are in the occipital
lobes (see Fig. 2-3). The encephalopathy clears
completely after stopping the drug. Sometimes
restarting the drug at a lower dose does not
cause encephalopathy.
OKT3 Meningoencephalitis

OKT3 is an anti-T-cell monoclonal antibody
used to initiate immunosuppression and to
treat rejection. Fever and sterile meningitis
develop 24 to 72 hours after the first injection
in as many as 14% of patients, and encepha-
lopathy develops within 4 days in as many as
10%. The encephalopathy slowly resolves over
the next 2 weeks, even when the drug is
continued.
Prescription Drug Overdoses

Most intentional overdoses are with prescription
drugs because they are readily available. The
drugs usually found in homes are benzodiaze-
pines, salicylates, acetaminophen, barbiturates,
and tricyclic antidepressants. Delirium or coma
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may be caused by toxic effects of psychoactive
drugs (anticonvulsants, antidepressants, antipsy-
chotics, and tranquilizers).

Clinical Features. As a rule, toxic doses of psy-
choactive drugs produce lethargy, nystagmus
or ophthalmoplegia, and loss of coordination.
Higher concentrations cause coma and sei-
zures. Involuntary movements may occur as
an idiosyncratic or dose-related effect. Diaze-
pam is remarkably safe, and an overdose does
not cause coma or death when taken alone.
Other benzodiazepines are also reasonably
safe.

Tricyclic antidepressants are among the
most widely prescribed drugs in the United
States and account for 25% of serious over-
doses. The major features of overdose are
coma, hypotension, and anticholinergic effects
(flushing, dry skin, dilated pupils, tachycardia,
decreased gastrointestinal motility, and urinary
retention). Seizures and myocardial depression
may be present as well.

After phenothiazine or haloperidol inges-
tion, symptom onset may be delayed for 6 to
24 hours and then occur intermittently. Extra-
pyramidal disturbances (see Chapter 14) and
symptoms of anticholinergic poisoning are
prominent features. Fatalities are uncommon
and probably caused by cardiac arrhythmia.

Diagnosis. Laboratory testing identifies most
drugs within 2 hours. Perform a urine drug
screen in all cases of unidentified coma or
delirium. If an unidentifiable product is found
in the urine, identification may be possible in
the plasma. The blood drug concentration
should be determined.

Management. The specificities and degree of
supportive care needed depend on the drug
and the severity of the poisoning. Most chil-
dren need an intravenous line and careful
monitoring of cardiorespiratory status. A con-
tinuous electrocardiogram (ECG) is often
required because of concern for arrhythmia.
Remove unabsorbed drug from the stomach
by lavage and repeated doses of activated char-
coal (30 mg every 6 hours) administered to
prevent absorption and increase drug clear-
ance. Treat extrapyramidal symptoms with
2 mg/kg diphenhydramine intravenously.
Poisoning

Most accidental poisonings occur in small chil-
dren ingesting common household products.
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Usually, the ingestion quickly comes to atten-
tion because the child is sick and vomits.
Insecticides, herbicides, and products contain-
ing hydrocarbons or alcohol are commonly at
fault. Clinical features vary depending on the
agent ingested. Optimal management requires
identification of constituent poisons, estima-
tion of the amount ingested, interval since
exposure, cleansing of the gastrointestinal
tract, specific antidotes when available, and
supportive measures.
Substance Abuse

Alcohol remains the most common substance
of abuse in the United States. More than
90% of high school seniors have used alcohol
one or more times, and 6% are daily drinkers.
Approximately 6% of high school seniors use
marijuana daily, but less than 0.1% use halluci-
nogens or opiates regularly. The use of
cocaine, stimulants, and sedatives has been
increasing in recent years. Daily use of stimu-
lants is as high as 1% of high school seniors.

Clinical Features. The American Psychiatric
Association defines the diagnostic criteria for
substance abuse as (1) a pattern of pathologi-
cal use with the inability to stop or reduce
use; (2) impairment of social or occupational
functioning, which includes school perfor-
mance in children; and (3) persistence of the
problem for 1 month or longer.

The clinical features of acute intoxication
vary with the substance used. Almost all dis-
turb judgment, intellectual function, and
coordination. Alcohol and sedatives lead to
drowsiness, sleep, and obtundation. In con-
trast, hallucinogens cause bizarre behavior,
which includes hallucinations, delusions, and
muscle rigidity. Drugs such as phencyclidine
(angel dust) and lysergic acid diethylamide
(LSD) produce a clinical picture that simu-
lates schizophrenia.

The usual symptoms of marijuana intoxica-
tion are euphoria and a sense of relaxation
at low doses and a dreamlike state with slow
response time at higher doses. Very high
blood concentrations produce depersonaliza-
tion, disorientation, and sensory disturbances.
Hallucinations and delusions are unusual with
marijuana and suggest mixed-drug use.

Consider amphetamine abuse when an
agitated state is combined with peripheral
evidence of adrenergic toxicity: mydriasis,
flushing, diaphoresis, and reflex bradycardia
caused by peripheral vasoconstriction. Cocaine
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affects the brain and heart. Early symptoms
include euphoria, mydriasis, headache, and
tachycardia. Higher doses produce emotional
lability, nausea and vomiting, flushing, and a
syndrome that simulates paranoid schizophre-
nia. Life-threatening complications are hyper-
thermia, seizures, cardiac arrhythmia, and
stroke. Associated stroke syndromes include
transient ischemic attacks in the distribution
of the middle cerebral artery, lateral medullary
infarction, and anterior spinal artery infarction.

Diagnosis. The major challenge is to differen-
tiate acute substance intoxication from schizo-
phrenia. Important clues are a history of
substance abuse obtained from family or
friends, associated autonomic and cardiac dis-
turbances, and alterations in vital signs. Uri-
nary and plasma screening generally detect
the substance or its metabolites.

Management. Management of acute substance
abuse depends on the substance used and
the amount ingested. Physicians must be alert
to the possibility of multiple drug or substance
exposure. An attempt should be made to
empty the gastrointestinal tract of substances
taken orally. Support of cardiorespiratory
function and correction of metabolic distur-
bances are generally required. Intravenous
diazepam decreases the hallucinations and sei-
zures produced by stimulants and hallucino-
gens. Standard cardiac drugs are useful to
combat arrhythmias.

Toxicity correlates poorly with drug blood
concentrations with regard to the following
substances: amphetamines, benzodiazepines,
cocaine, hallucinogens, and phencyclidine.
The basis for management decisions is the
patient’s condition.

The most vexing problem with substance
abuse is generally not the acute management
of intoxication, but rather breaking the habit.
This requires the patient’s motivation and
long-term inpatient and outpatient treatment.
TRAUMA

Pediatric neurologists are rarely involved in
the acute care of severe head trauma. More
often, request for consultation comes later
when some symptoms persist. Minor head
injuries, without loss of consciousness, are
commonplace in children and an almost con-
stant occurrence in toddlers. Suspect migraine
whenever transitory neurological disturbances
(e.g., amnesia, ataxia, blindness, coma, confusion,
and hemiplegia) follow minor head injuries.
Important causes of significant head injuries
are child abuse in infants, sports and play inju-
ries in children, and motor vehicle accidents
in adolescents. Suspect juvenile myoclonic epi-
lepsy in an adolescent driver involved in a single
motor vehicle accident when the driver has no
memory of the event but never sustained a head
injury. It is likely that an absence seizure caused
loss of control of the vehicle.
Concussion

Concussion is an alteration in mental status
after a blow to the head. Loss of consciousness
may or may not occur. Guidelines are available
from the American Academy of Neurology
(1997) and the American Academy of Pediat-
rics pertaining to the management of concus-
sions in sports.
Clinical Features. Confusion and amnesia are
the main features and may occur immediately
after the blow to the head or several minutes
later. Frequently observed features of concus-
sion include a befuddled facial expression,
slowness in answering questions or following
instructions, easy distractibility, disorientation,
slurred or incoherent speech, incoordination,
emotionality, and memory deficits.

In the following days to weeks, the child
may have any of these symptoms: low-grade
headache, lightheadedness, poor attention
and concentration, memory dysfunction, easy
fatigability, irritability, difficulty with focusing
vision, noise intolerance, anxiety, and sleep
disturbances.

Children who have lost conscious are invari-
ably tired and sleep long and soundly if left
undisturbed after regaining consciousness.
Many children report headache and dizziness
for several days or weeks after a concussion
(see “Post-Traumatic Headache” in Chapter 3).
They may be irritable and have memory dis-
turbances. The severity and duration of these
symptoms usually correlate with the severity of
injury but sometimes seem disproportionate.

Focal or generalized seizures, and some-
times status epilepticus, may occur 1 or 2 hours
after head injury. Seizures may even occur in
children who did not lose consciousness. Such
seizures rarely portend later epilepsy.
Diagnosis. Obtain a cranial CT scan, without
contrast and with windows adjusted for bone
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and soft tissue, whenever loss of conscious-
ness, no matter how brief, follows a head
injury. This is probably cost-effective because
it reduces the number of hospital admissions.
MRI in children with moderate head injury
may show foci of hypointensity in the white
matter, which indicates axonal injury as the
mechanism of lost consciousness. Order an
EEG for any suspicion that the head injury
occurred during a seizure or if neurological
disturbances are disproportionate to the sever-
ity of injury.

Management. A mild head injury does not
require immediate treatment. A child whose
neurological examination andCT scan findings
are normal does not require hospitalization.
Tell the parents to allow the child to sleep.
Severe Head Injuries

The outcome after severe head injuries is usu-
ally better for children than for adults, but
children younger than 1 year of age have dou-
ble the mortality of those between 1 and 6
years of age and three times the mortality of
those between 6 and 12 years of age. CT evi-
dence of diffuse brain swelling on the day of
injury is associated with a 53% mortality rate.
Table 2-7 Glasgow Coma Scale*

Eye Opening (E)

Spontaneously 4
To speech 3
To pain 2
None 1

Best Motor Response (M)

Obeys 6
Localizes 5
Withdraws 4
Abnormal flexion 3
Abnormal extension 2
None 1

Verbal Response (V)

Oriented 5
Confused conversation 4
Inappropriate words 3
Incomprehensible sounds 2
None 1

*Coma score ¼ E þ M þ V.
Shaking Injuries

Clinical Features. Shaking is a commonmethod
of child abuse in infants (Duhaime et al,
1998). An unconscious infant arrives at the
emergency department with bulging fonta-
nelles. Seizures may have precipitated the
hospital visit. The history is fragmentary and
inconsistent among informants. Typically, the
child was in the care of a babysitter or the
mother’s boyfriend.

The child shows no external evidence of
head injury, but ophthalmoscopic examina-
tion shows retinal and optic nerve sheath
hemorrhages. Retinal hemorrhages are more
common after inflicted injuries than after acci-
dental injuries and may be caused by rota-
tional forces. Many of the hemorrhages may
be old, suggesting repeated shaking injuries.
On the thorax or back, the examiner notes
bruises that conform to the shape of a hand
that held the child during the shaking. Heal-
ing fractures of the posterior rib cage indicate
previous child abuse. Death may result from
uncontrollable increased intracranial pressure
or contusion of the cervicomedullary junction.
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Diagnosis. CT shows a swollen brain but may
not show subdural collections of blood if
bleeding is recent. MRI reveals subdural col-
lections of blood.

Management. Remove the blood operatively and
place a peritoneal shunt. Seek protective ser-
vice to prevent further injuries. Overall, the
neurological and visual outcomes among vic-
tims of shaking are poor. Most have consider-
able residual handicap.

Closed Head Injuries

Supratentorial subdural hematomas are ven-
ous in origin, are frequently bilateral, and
usually occur without associated skull fracture.
Supratentorial epidural hematomas are usu-
ally associated with skull fracture. Epidural
and subdural hematomas are almost impossi-
ble to distinguish on clinical grounds alone.
Progressive loss of consciousness is a feature
of both types, and both may be associated with
a lucid interval between the time of injury and
neurological deterioration. Posterior fossa epi-
dural and subdural hemorrhages occur most
often in newborns (see Chapter 1) and older
children with posterior skull fractures.

Clinical Features. Loss of consciousness is not
always immediate; a lucid period of several min-
utes may intervene between injury and onset of
neurological deterioration. The Glasgow Coma
Scale quantifies the degree of responsiveness
after head injuries (Table 2-7). Scores of 8 or
less correlate well with severe injury.



Figure 2-4 Epidural hematoma. The hematoma
appears as a lens-shaped density just below the
skull.
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Acute brain swelling and intracranial hem-
orrhage are the cause of the clinical features.
Increased intracranial pressure is always pres-
ent and may lead to herniation if uncon-
trolled. Focal neurological deficits suggest
intracerebral hemorrhage.

Mortality rates in children with severe head
injury are usually between 10% and 15% and
have not changed substantially in the past
decade. Low mortality rates are sometimes asso-
ciated with higher percentages of survivors in
chronic vegetative states. Coma duration is the
best guide to long-term morbidity. Permanent
neurological impairment is an expected out-
come when coma persists for 1month or longer.

Diagnosis. Perform cranial CT as rapidly as
possible after closed head injuries. Typical
findings are brain swelling and subarachnoid
hemorrhage with blood collecting along the
falx. Intracranial hemorrhage may be detect-
able as well. Immediately after injury, some
subdural hematomas are briefly isodense and
not observed. Later, the hematoma appears
as a region of increased density, convex
toward the skull and concave toward the brain.
With time, the density decreases.

Intracerebral hemorrhage is usually superfi-
cial but may extend deep into the brain. Frontal
or temporal lobe contusion is common. Dis-
crete deep hemorrhages without a superficial
extension are not usually the result of trauma.
Keep the neck immobilized in children with
head injuries until radiographic examination
excludes fracture-dislocation of the cervical
spine. The force of a blow to the skull frequently
propagates to the neck. Examine the child for
limb and organ injury when head injury is the
result of a motor vehicle accident.

Management. Manage all severe head injuries
in an intensive care unit. Essential support
includes controlled ventilation, prevention of
hypotension, and sufficient reduction in brain
swelling to maintain cerebral perfusion. Chap-
ter 4 contains a review of methods to reduce
cerebral edema. Barbiturate coma does not
affect the outcome.

Acute expanding intracranial hematomas
warrant immediate surgery. Small subdural
collections, not producing a mass effect, can
remain in place until the patient’s condition
stabilizes and options are considered.

Open Head Injuries

The clinical features, diagnosis, and manage-
ment of open head injuries are much the
same as described for closed head injuries.
The major differences are the greater risk of
epidural hematoma and infection and the pos-
sibility of damage to the brain surface from
depression of the bone.

Supratentorial epidural hematomas are
usually temporal or temporoparietal in loca-
tion. The origin of the blood may be arterial
(tearing of the middle meningeal artery),
venous, or both. Skull fracture is present in
80% of cases. Increased intracranial pressure
accounts for the clinical features of vomiting
and decreased states of consciousness. Epidu-
ral hematoma has a characteristic lens-shaped
appearance (Fig. 2-4).

Infratentorial epidural hematoma is venous
in origin and associated with occipital frac-
ture. The clinical features are headache,
vomiting, and ataxia. Skull fractures, other
than linear fractures, are associated with an
increased risk of infection. A depressed fracture
is one in which the inner table fragment is dis-
placed by at least the thickness of the skull. A
penetrating fracture is one in which the dura
is torn. Most skull fractures heal spontane-
ously. Skull fractures that do not heal are usu-
ally associated with a dural tear and feel
pulsatile. In infants, serial radiographs of the
skull may suggest that the fracture is enlarging
because the rapid growth of the brain causes
the fracture line to spread farther to accom-
modate the increasing intracranial volume.
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Depressed fractures of the skull vault may
injure the underlying brain and tear venous
sinuses. The result is hemorrhage into the brain
and subdural space. Management includes ele-
vation of depressed fragments, débridement
and closure of the scalp laceration, and systemic
penicillin.

Basilar skull fractures with a dural tear may
result in leakage of cerebrospinal fluid from
the nose or ear and meningitis. Such leaks
usually develop within 3 days of injury. The
timing and need for dural repair are some-
what controversial, but the need for intrave-
nous antibiotic coverage is established.
Post-Traumatic Epilepsy

The rates of late post-traumatic epilepsy from
the military (28%–53%), which include missile
injuries, are higher than the civilian rates
(3%–14%). Post-traumatic epilepsy follows
34%ofmissile injuries but only 7.5%of nonmis-
sile injuries. Late seizures after closed head
injury are more likely to occur in association
with intracranial hematoma or depressed skull
fracture. The prophylactic use of anticonvulsant
therapy after a head injury to prevent post-
traumatic seizures has been customary. Phen-
ytoin prophylaxis decreases the risk of early
post-traumatic seizures but not late post-trau-
matic seizures.
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Headache
APPROACH TO HEADACHE

In the United States, most children referred to
a neurologist for headache have already had a
brain imaging study. Most are normal, and the
remainder demonstrates a normal variant
such as a Chiari I malformation. A thorough
history and neurological examination would
have served the child better than the imaging
study. The majority of children with headache
seen in my practice have two patterns of head-
ache. One is a chronic low-grade headache,
and the other is an intermittent disabling
headache. Many children have both. The
cause of the former is either caffeine or anal-
gesic abuse, and the latter is predominantly
migraine. Ten percent of children aged 5 to
15 years have migraine. Children with migraine
average twice as many days lost from school as
those without migraine.
Table 3-1 Sources of Headache Pain

Intracranial

Cerebral and dural arteries
Dura mater at base of brain
Large veins and venous sinuses

Extracranial

Cervical roots
Cranial nerves
Extracranial arteries
Muscles attached to skull
Periosteum/sinuses
Sources of Pain

Table 3-1 summarizes pain-sensitive structures
of the head and neck. The main pain-sensitive
structures inside the skull are blood vessels.
Mechanisms that stimulate pain from blood
vessels are vasodilatation, inflammation, and
traction-displacement. Increased intracranial
pressure causes pain mainly by the traction
and displacement of intracranial arteries (see
Chapter 4). The brain parenchyma, its epen-
dymal lining, and the meninges, other than
the basal dura, are insensitive to pain.

Pain transmission from supratentorial intra-
cranial vessels is by the trigeminal nerve,
whereas pain transmission from infratentorial
vessels is by the first three cervical nerves.
The ophthalmic division of the trigeminal
nerve innervates the arteries in the superficial
portion of the dura and refers pain to the eye
and forehead. The second and third divisions
of the trigeminal nerve innervate the middle
meningeal artery and refer pain to the temple.
All three divisions of the trigeminal nerve
innervate the cerebral arteries and refer pain
to the eye, forehead, and temple. In contrast,
referred pain from all structures in the poste-
rior fossa is to the occiput and neck.

Several extracranial structures are pain sensi-
tive. Major scalp arteries are present around
the eye, forehead, and temple and produce pain
when dilated or stretched. Cranial bones are
insensitive, but periosteum, especially in the
sinuses and near the teeth, is painful when
inflamed. The inflamed periosteum is usually
tender to palpation or other forms of physical
stimulation. Muscles attached to the skull are
a possible source of pain. The largest groups
of such muscles are the neck extensors, which
attach to the occipital ridge, the masseter mus-
cles, the temporalis, and the frontalis muscles.
Understanding of the mechanism of muscle
pain is incomplete, but probably involves pro-
longed contraction (literally “uptight”). The
extraocular muscles are a source of muscle con-
traction pain in patients with heterophoria.
When an imbalance exists, especially in conver-
gence, long periods of close work cause difficulty
in maintaining conjugate gaze, and pain loca-
lizes to the orbit and forehead.

Pain from the cervical roots and cranial
nerves is generally due to mechanical traction
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from injury or malformation. Pain follows this
nerve distribution: the neck and back of the
head up to the vertex for the cervical roots
and the face for the cranial nerves.
Taking a History

History is everything when attempting to diag-
nose the cause of headache. The first step is to
identify the headache pattern. Is the headache
chronic but nondisabling and does not cause
the child to miss any or many days of school
or social events, or is the headache periodic
and disabling, causing the child to look sick
and go to bed? Many children have both types.

Most children, especially very young ones,
are incapable of describing the quality of their
pain, and, in fact, such descriptions are rarely
informative even when provided by older chil-
dren. The use of terms such as throbbing and
splitting more often describe the intensity than
the character of the pain. The more important
questions concern the frequency, duration,
and location of the headache and its associated
symptoms. Time of onset may indicate a stress-
ful period for a child, such as attending school
or visiting with an estranged parent.

Asking how often headaches occur or how
long headaches last in a child younger than
10 years old is rarely informative. Young chil-
dren have an inadequate sense of time (“Are
we almost there?”), but parents are usually
quite helpful in this regard. The following
four questions are useful in determining the
headache pattern:

1. “Is the headache chronic but not dis-
abling, or does it occur occasionally
and prevent normal activity?” The num-
ber of school days missed because of
headache is a good indication of fre-
quency, severity, and disability.

2. “What is the longest period of time that
you have been headache free?” This
identifies a common headache pattern
in which the child has a flurry of head-
aches over a period of a week or two
and then, after a prolonged headache-
free interval, experiences another flurry
of daily headaches.

3. “How many different kinds of headache
do you have?” A common response is
that the child has two kinds of headache:
a headache that is severe and causes the
child to look sick (migraine), and a mild
headache that is almost constant but not
disabling (analgesic rebound headache).
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4. “What analgesics have you used and how
often?” This helps to establish what has
worked and what has failed andmay estab-
lish the diagnosis of analgesic rebound
headache as a contributing factor.

Helpful responses to traditional ques-
tions concerning the history of headache can
be obtained from children 10 years of age or
older. Several typical headache patterns, when
present, allow recognition of either the source
or the mechanism of pain:

n A continuous, low-intensity, chronic head-
ache, in the absence of associated symptoms
or signs, is unlikely to indicate a serious
intracranial disease.

n Intermittent headaches, especially those
that make the child look and feel sick, but
from which the child recovers completely
and is normal between attacks, are likely
to be migraine.

n A severe headache of recent onset, unlike
anything previously experienced, from
which the child never returns to a normal
baseline, is probably due to significant
intracranial disease.

n Brief, intense pain lasting for seconds, in
an otherwise normal child, is unusual
and suggests an ice-pick headache.

n Periosteal pain, especially inflammation
of the sinuses, localizes to the affected
sinus, and the area is tender to palpation.
Sinusitis as a cause of headache is grossly
overstated. Evidence of sinusitis is a com-
mon feature of computed tomography
(CT) studies of children evaluated for
other reasons.

n Cervical root and cranial nerve pain has a
radiating or shooting quality.
Evaluation

Children referred to a pediatric neurologist for
headache commonly present having had a cra-
nial CT or at least a report of a normal study.
The only question asked by the primary physi-
cian is “Does this child have a brain tumor?”
This question may be the only one asked by
the parent. Unfortunately, a normal CT scan
neither explains nor cures the headache. A rou-
tine brain imaging study on every child with
chronic headache is not cost effective and is
not a substitute for an adequate history and
physical examination. A joint committee of
the American Academy of Neurology and the
Child Neurology Society published a practice
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parameter for the evaluation of children and
adolescents with recurrent headache. Those
with normal neurological examinations require
neither electroencephalography nor neuroim-
aging (Lewis et al, 2002).
MIGRAINE

Ten percent of children aged 5 to 15 years old
have migraine, and migraine accounts for
75% of headaches in young children referred
for neurological consultation. Children with
migraine average twice as many days lost from
school as those without migraine. Migraine is a
hereditary disorder with a multifactorial inher-
itance pattern. When interviewing both par-
ents, at least one parent gives a history of
migraine in 90% of cases. The figure drops
to 80% if only the mother is present. The prev-
alence of migraine is 2.5% in those children
younger than the age of 7 (both genders
equally affected), 5% in those from age 7 to
puberty (female-to-male ratio of 3:2), 5% in
postpubertal boys, and 10% in postpubertal
girls. The higher incidence of migraine in
pubertal girls than in boys probably relates to
the triggering effect of the menstrual cycle on
migraine attacks. Approximately one fourth
of children will be migraine free by age 25
years, boys significantly more often than girls,
and more than half will still have headaches
at age 50. Of those who become parents, 50%
will have at least one child who has migraine
(Billie, 1997).
Genetics of Migraine

Familial hemiplegic migraine is the only well-
established monogenic migraine syndrome
(Gardner, 2007). Other migraine types are
more complex, appearing to result from the
interaction of genetic susceptibility and envi-
ronmental factors. Genetic factors are more
evident in migraine with aura than in migraine
without aura. Migraine and migraine-like head-
aches are part of several known genetic
disorders.
Triggering Factors

Among persons with a predisposition toward
migraine, the provocation of individual attacks
is usually an idiosyncratic triggering factor.
Common triggering factors are stress, exercise,
head trauma, and the premenstrual decline
in circulating estrogen. An allergic basis for
migraine is not established. I accept without
comment parental statements implicating spe-
cific foods and food additives, but discourage
extensive evaluation of food as a trigger.
Stress and Exercise

Migraine symptoms may first occur during
stress or exercise or, more often, during a time
of relaxation after a period of stress. When
stress is the triggering factor, attacks are most
likely to occur in school or just after returning
home. Attacks rarely occur on awakening.
Children with migraine do not have a specific
personality type. Migraine is just as likely in a
slacker as in an overachiever.
Head Trauma

Themechanism by which blows to the head and
whiplash head movements provoke migraine
attacks is unknown. Trivial blows to the head
during competitive sports are significant trig-
gering factors because they occur against a
background of vigorous exercise and stress.
A severe migraine attack—headache, vomiting,
and transitory neurological deficits after a head
injury—suggests the possibility of intracranial
hemorrhage. Appreciating the cause-and-effect
relationship between head trauma and mi-
graine reduces the number of diagnostic tests
requested.

Transitory cerebral blindness, as well as
other transitory neurological deficits, some-
times occurs after head trauma in children
with migraine (see Chapter 16).

Menstrual Cycle

The higher rate of migraine among postpu-
bertal girls compared with prepubertal chil-
dren of both genders or with postpubertal
boys supports the observation that hormonal
changes in the normal female cycle trigger
attacks of migraine. The widespread use of
oral contraceptives has provided some insight
into the relationship between the female hor-
monal cycle and migraine. Some oral contra-
ceptives increase the frequency and intensity
of migraine attacks in many women with a his-
tory of migraine and may precipitate the ini-
tial attack in genetically predisposed women
who have previously been migraine free.
Among women taking oral contraceptives,
the greatest increase in frequency of migraine
occurs at midcycle. The decrease in the
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concentration of circulating estrogens is
probably the critical factor in precipitating
an attack.
Clinical Syndromes

Migraine in children is divided into three
groups: migraine with aura (classic migraine),
migraine without aura (common migraine),
and migraine-equivalent syndromes. Migraine
without aura is more than twice as common
as migraine with aura in school-age children.
Migraine with aura and migraine without aura
are variable expressions of the same genetic
defect, and both types of attacks may occur
in the same individual at different times.
The main feature of migraine-equivalent syn-
dromes is a transitory disturbance in neurolog-
ical function. Headache is a minor feature or is
not present. Discussion of these syndromes is
included in several other chapters (Table 3-2).

An ice-pick headache, called a primary stab-
bing headache by the International Headache
Society (2004), is a peculiar migraine equiva-
lent that occurs mainly during adolescence
or later. A severe pain on top of the head
drives the patient to the floor. It ends as
quickly as it comes. Bouts may repeat over days
or months and then remit spontaneously. An
ice-pick headache ends so quickly that treat-
ment is not required, only reassurance.

Migraine with Aura

Migraine with aura is a biphasic event. In the
initial phase, a wave of excitation followed by
depression of cortical function spreads over
both hemispheres from back to front and is
associated with decreased regional cerebral
blood flow and transitory neurological distur-
bances. The cause of these disturbances is
primarily neuronal depression rather than
ischemia. The second phase is usually, but
not necessarily, associated with increased
blood flow in both the internal and external
carotid circulations. Headache, nausea, and
Table 3-2 Migraine Equivalents

Acute confusional migraine (see Chapter 2)
Basilar migraine (see Chapter 10)
Benign paroxysmal vertigo (see Chapter 10)
Cyclic vomiting
Hemiplegic migraine (see Chapter 11)
Ophthalmoplegic migraine (see Chapter 15)
Paroxysmal torticollis (see Chapter 14)
Transient global amnesia (see Chapter 2)

82
sometimes vomiting occur in the second
phase. The explanation of the mechanism of
headache and nausea remains uncertain, but
increased blood flow is not an explanation.

During an attack, the main clinical features
may reflect only the first phase (aura), only
the second phase, or both phases. The usual
features of the aura are visual aberrations:
the perception of sparkling lights or colored
lines, blind spots, blurred vision, hemianopia,
transitory blindness, micropsia, and visual hal-
lucinations. Only one third of children
describe visual symptoms and then only when
asked specific questions. The visual aura tends
to be stereotyped and unique to the child.
The perception of the imagery may be limi-
ted to one eye, one visual field, or without
localization.

Visual hallucinations and other visual dis-
tortions may disturb time sense and body
image. This symptom complex in migraine is
called the “Alice in Wonderland” syndrome.
More extreme disturbances in mental state—
amnesia, confusion, and psychosis—are dis-
cussed in the sections on confusional migraine
and transient global amnesia (see Chapter 2).

Dysesthesias of the limbs and perioral region
are the next most common sensory features.
Other possible features of the aura are focal
motor deficits, usually hemiplegia (hemiplegic
migraine) or ophthalmoplegia (ophthalmople-
gic migraine), and aphasia. Such deficits,
although alarming, are transitory, and normal
function usually returns within 24 hours and
always within 72 hours.

A migraine attack may terminate at the end
of the initial phase without headache. Alterna-
tively, the initial phase may be brief or asymp-
tomatic and headache is the major symptom
(see “Migraine without Aura”). The pain is
usually dull at first and then becomes throb-
bing, pulsating, or pounding. A severe head-
ache that is maximal at onset is not migraine.
Pain is unilateral in approximately two thirds
of patients and bilateral in the rest. It is most
intense in the region of the eye, forehead,
and temple. Eventually the pain becomes con-
stant and diffuse. Most headaches last for 2 to
6 hours and are associated with nausea and
sometimes vomiting. Anorexia and photopho-
bia are concomitant symptoms. The child
looks sick and wants to lie down; always ask
the parent “Does the child look sick?” With
migraine, the answer is always “yes.” Vomiting
frequently heralds the end of the attack, and
the fatigued child falls into a deep sleep. Nor-
mal function resumes when the child awakens.
Most children average one attack per month
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but may have long intervals without attacks
and other intervals when attacks occur weekly.
The intervals with frequent headaches are
probably times of stress.

Migraine without Aura

The attacks of migraine without aura are mono-
phasic. Headache and vomiting are the only
features, and attacks are more difficult to iden-
tify as migrainous. The typical initial symptoms
are personality change, malaise, and nausea.
Recurrent vomiting may be the only feature of
the attack in preschool children.

The headache may be unilateral and
pounding, but more often the child has diffi-
culty localizing the pain and describing its
quality. When the headache is prolonged, the
pain is not of uniform intensity; instead, inter-
mittent severe headaches superimpose on a
background of chronic discomfort in the neck
and other pericranial muscles. Physical activity
aggravates the pain. Migraine without aura
may be difficult to separate from other head-
ache syndromes or from intercurrent illness.
The important clues are that the child appears
sick, wants to lie down, and is sensitive to light
and sound. Nausea and vomiting may occur
repeatedly, need not herald the termination
of the attack, and can be more prominent
than the headache.
Diagnosis

The clinical features are the basis for migraine
diagnosis; migraine is one of the few remain-
ing neurological disorders in which the physi-
cian cannot stumble on the diagnosis by
imaging the brain. Salient features are a family
history of migraine and some combination
of recurrent headache, nausea, or neuro-
logical disturbances, especially if sleep relieves
symptoms. Many children will also have an
increased sensitivity to light at baseline. The
physician should be reluctant to make the
diagnosis if questioning of both biological par-
ents does not elicit a family history of migraine.
When obtaining the history, be certain that
you are speaking with the biological parents.
Almost one half of children with migraine also
have a history of motion sickness. The signifi-
cance of this association is uncertain; the inci-
dence of motion sickness in the pediatric
population approaches 100%, depending on
the amount of motion.

Diagnostic tests are unnecessary when the
family history and clinical features clearly
establish a migraine diagnosis. Brain imaging
is indicated only when uncertainty exists. The
main reason is that abnormalities are found
on examination. Lesser reasons are a negative
family history or atypical features of the attack.
The only reason to obtain an electroencepha-
logram (EEG) in children with migraine-like
headaches is to exclude the possibility of
benign occipital epilepsy (see Chapter 1).
Management

The essential caveat for the treatment of
migraine is that irrespective of treatment,
approximately half of affected children have
more than a 50% decrease in headache fre-
quency in the 6 months after the initial visit
to a neurologist. This finding is consistent with
the experience of most blinded, controlled
trials of drug therapy, in which the placebo
success rate is usually 50%. Once the child’s
parents are convinced that the headache is
due to migraine and not a brain tumor, they
are less anxious, the child is more relaxed,
and headaches either decrease in frequency
or become less of a topic of discussion and
concern. The therapeutic efficacy of a neuro-
logical consultation has the dual effect of
making drug evaluation difficult and rein-
forcing the neurologist’s belief that the drug
regimen selected is useful.

The two approaches to migraine therapy
are treatment of the acute attack and prophy-
laxis. Many children need both. Whichever
the approach, tell the patient and family that
migraine will not soon go away and that they
need to learn how to live with it. Most boys
do not have migraine attacks during adult life,
but girls continue having attacks until they
reach menopause.

n Instruct the patient and the parents to
avoid, when possible, activities that are
known to trigger attacks.

n When an attack occurs, give in to it. Take
medication and go to bed; do not try to
maintain activity.

n Never use narcotics or other addictive
drugs to treat severe attacks.

n Sleep ends the attack. Any medication
that puts the child into a deep sleep will
end the attack.

Treating an Acute Attack

Migraine that starts while the child is at school
is difficult to manage unless the school allows
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the prompt use of abortive medication and
has a quiet room. Often this situation is not
the case. The two main symptoms of a mi-
graine attack are headache and nausea. Non-
prescription analgesics and nonsteroidal anti-
inflammatory drugs, especially ibuprofen, are
more effective than placebo in controlling pain
(Mather, 2003). Many people find relief with
Excedrin Migraine, a relatively inexpensive
nonprescription medication. Sleep is an ideal
treatment. I often prescribe oral prometh-
azine, generally 25 mg in school-age children.
It relieves nausea and causes drowsiness. When
the child awakens, the attack is usually over.
However, its use is limited to the home.

The triptans, 3,5 substituted indoles, selec-
tive serotonin agonists, were an important
development to abort acute migraine attacks.
They are considerably more expensive than
nonsteroidal anti-inflammatory drugs or pro-
methazine but do not cause sedation when
maintained performance is required. They
must be administered at attack onset for best
results. This rapid response requires that the
child have the medicine on his or her person,
which is not practical for a school-age child.

The first member of this triptan group was
sumatriptan. Sumatriptan nasal spray is well tol-
erated, more effective than placebo, and recom-
mended (Lewis et al, 2004). Adverse effects
include fatigue, tingling of the head and arms,
and a sensation of pressure or stiffness in the
neck, throat, and chest. The oral compound
(sumatriptan succinate) is less expensive, and
although a dosing schedule for children has
not been established, 25 mg of the oral prepa-
ration is safe and effective in most school-age
children. Seven oral triptans are approved by
the U.S. Food and Drug Administration for
use in adults. Eletriptan (40 mg) and rizatriptan
(10 mg) have the highest therapeutic gain com-
pared with sumatriptan (Mathew and Loder,
2005). The sublingual forms have more rapid
onset of action, are well tolerated, and are read-
ily administered when water is not available.

Dihydroergotamine is available as an intra-
nasal preparation and is useful when nausea
and vomiting limit the use of oral medications
or when other medications are ineffective.
The triptans and dihydroergotamine are not
approved by the U.S. Food and Drug Adminis-
tration for children, but off-label use is com-
mon among headache specialists.

The following is a protocol for the manage-
ment of severe migraine in the emergency
department and hospital (Kabbouche and
Linder, 2005). Intravenously inject 10 mg pro-
chlorperazine maleate (Compazine). If the
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headache is not completely relieved, then
administer dihydroergotamine intravenously.
A pregnancy test is required in girls older than
12 years of age. Use a test dose of 0.5 mg dihy-
droergotamine first, and if there are no unto-
ward side effects, inject 1 mg every hour
(0.5 mg in children <9 years) after pretreat-
ment with metoclopramide. Repeat up to four
times. If dihydroergotamine fails, load with
intravenous valproate sodium, 15 mg/kg every
8 hours.

Migraine Prophylaxis

An extraordinarily large number of agents
with diverse pharmacological properties are
available for daily use to prevent migraine
attacks. I suggest prophylactic agents only for
children who miss school more than 1 day
each month. The drugs with proven efficacy
are amitriptyline, propranolol, and valproate
(Silberstein and Fretag, 2003). All three drugs
require a trial of at least 3 months with the fre-
quency of attacks compared each month to
previous attacks. Urge the use of a migraine
diary. Cyproheptadine, commonly used by
pediatricians, is found to be no better than
placebo in controlled clinical trials.

AMITRIPTYLINE

Amitriptyline is inexpensive and has an accept-
able side effect profile at low doses (10–25 mg
at bedtime). Amitriptyline is my first choice.
The mechanism of action is unknown. Nor-
triptyline is more expensive but no better.

PROPRANOLOL

Propranolol is a b-adrenergic blocking agent. It
decreases headache frequency by at least half
in 80% of patients. The mechanism of action
is probably central and not by b-adrenergic
blockade. Propranolol must have central action
because it causes depression. Other b-blockers
have efficacy as well.

The daily dose in children is 2 mg/kg in
three divided doses. Because depression is a
dose-related adverse reaction and because
lower doses may be effective, start treatment at
1 mg/kg/day. Depression is the most common
reason to discontinue therapy. Forewarn par-
ents that depression is possible when starting
the drug. Propranolol may provoke an asth-
matic attack in predisposed children. Hypoten-
sion and decreased pulse rate do not occur in
children with normal cardiovascular systems.
The maintenance dose of the sustained-release
tablet is one third greater than that of the
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short-acting preparation. Plasma levels of pro-
pranolol are not useful in determining the
effective dose for migraine.

People who respond to propranolol do not
develop tolerance. However, some individuals
who abruptly stop taking the drug after 6 to 12
months of therapy will have rebound headaches
of increased frequency. Others will continue to
show the benefits achieved during therapy.

TOPIRAMATE AND VALPROATE

Topiramate and valproate are widely used
for epilepsy prophylaxis. In children, a once-
or twice-daily dose of 25 mg topiramate or
250 mg valproate in a sustained-release form is
effective for migraine prophylaxis. In adoles-
cents, increase the topiramate to 50 mg twice
daily and the valproate to 500 mg twice daily.
Side effects at low doses are minimal. Never
use valproate in adolescent females because
of the potential for birth defects. I suggest
topiramate for children who are overweight
and valproate for those who are underweight.
Several other seizure medications are also cur-
rently in use for migraine prophylaxis.
CLUSTER HEADACHE

Cluster headache is rare in children, but
may have adolescent onset. It occurs mainly
in males and rarely affects other family mem-
bers (Russell and Andersson, 1995). Cluster
headache is distinct from chronic paroxysmal
hemicrania and hemicrania continua (see
“Indomethacin-Responsive Headache”).

Clinical Features. The onset is almost exclu-
sively after age 10. Clusters of headaches recur
over periods of weeks or months separated by
intervals of 1 to 2 years. A cluster of daily
attacks lasting for 4 to 8 weeks may occur once
or twice a year, often in the autumn or spring.
Headaches do not occur in the interim.

Headache is the initial feature, often begin-
ning during sleep. The pain occurs in bursts
lasting for 30 to 90 minutes and repeats two
to six times each day. It is always unilateral
and affects the same side of the head in each
attack. Pain begins behind and around one
eye before becoming hemicranial. During an
attack, the affected individual cannot lie still
but typically walks the floor in anguish. This
feature distinguishes cluster headache from
migraine, in which the child wants to go to
bed. Pain is intense and described as either
throbbing or constant. The scalp may seem
edematous and tender. One third of indivi-
duals with cluster headache experience sudden
intense jabs of pain, suggesting tic douloureux.
Nausea and vomiting do not occur, but symp-
toms of hemicranial autonomic dysfunction—
injection of the conjunctiva, tearing of the
eye, Horner syndrome, sweating, flushing of
the face, and stuffiness of the nose—develop
ipsilateral to the headache.

Diagnosis. The clinical features alone establish
the diagnosis of cluster headache. Laboratory
studies have no value.

Management. The management of cluster head-
ache consists of suppressing recurrences of a
bout in progress and relieving acute pain. Pred-
nisone suppresses bouts of cluster headache.
An initial dose is 1 mg/kg daily for the first
5 days, followed by a tapering dose over 2 weeks.
If headaches reappear during the tapering pro-
cess, the dose is increased and maintained at a
level sufficient to keep the patient headache
free. If the bout of cluster headache is pro-
longed, taper the prednisone dose before the
appearance of adverse side effects.

Sumatriptan or oxygen inhalation or both
treat the acute attack. The dose of sumatriptan
in adults is a 6-mg injection. Most adolescents
would require the same. Inhalation of 100%
oxygen at a rate of 8 to 10 L/min relieves an
acute attack in most patients. Lithium is useful
for patients with a chronic form of cluster head-
ache in which the headache never ceases.
Administer increasing doses to achieve a blood
concentration of 1.2 mEq/L (1.2 mmol/L).
Most patients have at least a partial response to
lithium, but only 50% are relieved completely.
The addition of daily oral ergotamine enhances
the beneficial effect of lithium.
INDOMETHACIN-RESPONSIVE
HEADACHE

Indomethacin-responsive headache syndromes
are a group of seemingly unrelated headache
disorders that respond to indomethacin and
nothing else. The syndromes include chronic
paroxysmal hemicrania, hemicrania continua,
and benign exertional headache.
Chronic Paroxysmal Hemicrania

Clinical Features. As with cluster headache, the
main features of chronic paroxysmal hemicra-
nia are unilateral throbbing pain associated
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with ipsilateral autonomic features. However,
the attack duration is briefer but more fre-
quent than in cluster headache (Goadsby
and Lipton, 1997). Attacks last for weeks
to months, followed by remissions that last
for months to years. The pain is located in
the frontal and retro-orbital regions and is
accompanied by conjunctival injection and
tearing.

Diagnosis. The diagnosis is based on clinical
features, and laboratory studies are normal.

Management. Chronic paroxysmal hemicrania
responds to indomethacin. The typical adult
dose is 75 mg/day. Successive attacks often
require larger doses. Acetazolamide may prove
successful when indomethacin fails.
Hemicrania Continua

Clinical Features. Hemicrania continua is a
continuous unilateral headache of moderate
severity. Autonomic symptoms may be asso-
ciated but are not prominent. Some patients
have continuous headaches lasting for weeks
to months separated by pain-free intervals;
others never experience remissions. The epi-
sodic form may later become continuous.

Diagnosis. The clinical features establish the
diagnosis after excluding other causes of
chronic headache, such as increased intracra-
nial pressure and long-term use of analgesics.

Management. The headaches usually respond
to indomethacin at doses of 25 to 250 mg/day.
Benign Exertional Headache

Exertion, especially during competitive sports,
is a known trigger for migraine in predisposed
individuals (see “Migraine”). Persons who do
not have migraine may also experience head-
aches during exercise. Headache during sex-
ual intercourse may be a form of exertional
headache or is at least a comorbid condition
(Frese et al, 2003).

Clinical Features. Exertional headaches tend to
be acute and severe, starting early in the
course of exercise, whereas headaches with
sexual activity increase with sexual excitement
and may have a dull or throbbing quality.
Headache may occur during prolonged sexual
arousal as well as during sexual intercourse.
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Diagnosis. The association between exertion
and headache is easily recognized. Requests
for medical consultation are unusual unless
the patient is a competitive athlete whose per-
formance is impaired.

Management. Indomethacin use before exer-
tion may prevent headache. The prophylactic
use of indomethacin, 25 mg three times
daily, or propranolol, 1 to 2 mg/kg daily, also
reduces the incidence of attacks.
CHRONIC LOW-GRADE
HEADACHES

These are constant or intermittent daily head-
aches. The child is not sick and usually
continues normal activity but is constantly
complaining of headache. The two most com-
mon causes of chronic low-grade headache are
excessive use of analgesics and caffeine. Many
adolescents with chronic daily headache later
convert to migraine (Wang et al, 2007).
Analgesic Rebound Headache

Clinical Features. Analgesic rebound is one of
the more common causes of chronic head-
ache in people of all ages. Individuals with
migraine are especially predisposed to analgesic
rebound headaches (extended migraine). The
term refers to a vicious cycle of headache–
analgesic use–headache when the analgesic
effect wears off–more analgesic use. The pain is
generalized, of low intensity, and dull. It inter-
feres with but does not prevent routine activities,
and activity is not an aggravating factor (Zwart
et al, 2003).

Diagnosis. Any child using nonprescription
analgesics every day, or even most days, is
likely to have analgesic rebound headache.

Management. Stop all analgesic use and avoid
caffeine as well. Bedtime amitriptyline (10 mg)
often helps the transition to the analgesic-free
state. Gabapentin, 2400 mg/day, has proven
efficacy in the treatment of chronic daily head-
ache and may be useful for analgesic rebound
headache as well (Spira and Beran, 2003).
The first few days may be difficult, but a
positive effect within weeks reinforces the
recommended management. During the first
months, the patient should keep a headache
calendar to document the decline in headache
frequency.
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Caffeine Headache

Clinical Features. Many children, especially ado-
lescents, drink large volumes of carbonated
beverages containing caffeine each day. The
amount of caffeine in many popular bever-
ages is equivalent to that in a cup of brewed
coffee. The exact mechanism of the caffeine
headache is not established; it could be a with-
drawal effect or a direct effect of caffeine.
Individuals who regularly drink large amounts
of caffeine-containing beverages often notice a
dull frontotemporal headache an hour or
more after the last use. More caffeine relieves
the headache, initiating a caffeine addiction.
Withdrawal symptoms may become severe
and include throbbing headache, anxiety,
and malaise.

Diagnosis. Most people associate caffeine with
coffee and are unaware of the caffeine content
of soft drinks. In addition to coffee, tea, and
colas, other popular drinks with high caffeine
content are deceptive because they do not
have a cola color. Adolescent girls frequently
use diet colas as a substitute for food and
become caffeine dependent.

Management. Caffeine addiction, like other
addictions, is often hard to break. Most
patients require abrupt cessation. As in analge-
sic rebound headache, 10 mg amitriptyline at
bedtime for the first month may help in break-
ing the cycle.
Post-Traumatic Headache

Several different kinds of headache are asso-
ciated with head trauma. Forty percent of peo-
ple experience a vascular headache the first
day or two after head injury. It is a diffuse,
pounding headache made worse by movement
of the head or by coughing and straining.
Dizziness may be associated. Post-traumatic
vascular headaches always subside spontane-
ously. Chronic post-traumatic headache is not
a clinical entity; prolonged post-traumatic
headaches are analgesic rebound headaches.

Clinical Features. The individual sustains a
head injury, with or without loss of conscious-
ness, or a whiplash injury. CT scans of the
head or neck do not reveal intracranial or ver-
tebral injury. Shortly after, the child experi-
ences head and/or neck pain requiring
analgesic treatment, first a narcotic and then
a nonprescription analgesic. A dull daily
headache develops, for which various analge-
sic medications provide no permanent relief.

Diagnosis. In the absence of imaging evidence
of intracranial or vertebral injury, consider all
chronic low-grade head or neck pain after
trauma an analgesic rebound headache.

Management. See previous discussion of anal-
gesic rebound headache.
Tension Headache

The term tension headache is time honored
(Lewis et al, 2005). The name suggests that
the cause of headache is stress. This etiology
is usually true with regard to episodic tension
headaches (see “Pain from Other Cranial
Structures”), but the mechanism of chronic
tension headache is less well established and
is probably multifactorial. One often obtains
a family history of chronic tension headache,
and approximately half of adults with chronic
tension headache date the onset to childhood.
Indeed, one study found that tension head-
ache was the most common subtype of chronic
daily headache in adolescence (Wang et al,
2006). Indeed, adolescence may cause tension
headache in all family members.

Clinical Features. Individuals with chronic
headache of any cause may be depressed and
anxious. Pain is usually bilateral and diffuse,
and the site of the most intense pain may shift
during the course of the day. Much of the
time, the headache is dull and aching; some-
times it is more intense. Headache is generally
present on awakening and may continue all
day but is not aggravated by routine physical
activity. Most children describe an undulating
course characterized by long periods in which
headache occurs almost every day and shorter
intervals when they are headache free.

Nausea, vomiting, photophobia, phonopho-
bia, and transitory neurological disturbances
are not associated with chronic tension head-
ache. When these features are present, they
usually occur only a few times a month and
suggest intermittent migraine against a back-
ground of chronic tension headache. The
neurological examination is normal.

Diagnosis. The diagnosis of chronic tension
headache is to some extent a diagnosis of
exclusion. Common causes of chronic head-
ache in children that require distinction are
migraine and analgesic rebound headache.
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Both may coexist with chronic tension head-
ache. Brain imaging is sometimes required to
exclude the specter of brain tumor. The man-
agement of chronic tension headache is often
easier after a normal head CT scan.

Management. Chronic tension headache is by
definition difficult to treat or it would not be
a chronic headache. Most children have tried
and received no benefit from several nonpre-
scription analgesics before coming to a physi-
cian, and analgesic rebound headache often
complicates management. The use of more
powerful analgesics or analgesic–muscle relax-
ant combinations has limited value and gener-
ally adds upset stomach to the child’s distress.

It is not always clear that a child with chronic
tension headache is experiencing stress. When
a stressful situation is identified (e.g., divorce
of the parents, custody battle, unsuitable
school placement, physical or sexual abuse),
the headache cannot be managed without reso-
lution of the stress.
HEADACHES ASSOCIATED
WITH FOODS AND DRUGS

Many psychotropic drugs, analgesics, and car-
diovascular agents cause headache. Cocaine
use produces a migraine-like headache in indi-
viduals who do not have migraine at other
times. Drug-induced headache is suspect in a
child who has headache following the adminis-
tration of any drug. These headaches tend to
be intermittent rather than daily.
Food Additives

Clinical Features. The addition of chemicals to
foods preserves shelf life and enhances
appearance. Ordinarily concentrations are
low, and adverse effects occur only in geneti-
cally sensitive individuals. Nitrites are powerful
vasodilators used to enhance the appearance
of cured meats such as hot dogs, salami, bacon,
and ham. Diffuse, throbbing headaches may
occur just after ingestion.

Monosodium glutamate, primarily used in
Chinese cooking,may cause generalized vasodila-
tation. Sensitive individuals develop a throbbing
bitemporal headache and a band headache,
sometimes associated with pressure and tightness
of the face and a burning sensation over the
body. Symptom onset is 20 minutes after inges-
tion of monosodium glutamate.
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Diagnosis. The association between ingestion
of a specific food and headache is quickly evi-
dent to the patient.

Management. Avoiding the offending chemical
prevents headache. This avoidance is not easy
because prepared foods often do not contain
a list of all additives.
Marijuana

Marijuana is a peripheral vasodilator and
causes a sensation of warmth, injection of the
conjunctivae, and sometimes frontal head-
ache. The headache is mild and ordinarily is
experienced only during marijuana use. How-
ever, marijuana metabolites remain in the
blood for several days, and chronic headaches
occur in children who are regular users.
HEADACHE AND SYSTEMIC
DISEASE

Vasculitis

Headaches caused by vasculitis, especially tem-
poral arteritis, are important in the differen-
tial diagnosis of vascular headaches in adults.
Cerebral vasculitis is uncommon in children
and usually occurs as part of a collagen vascu-
lar disease, as a result of hypersensitivity, or
as part of an infection of the nervous system.
Connective Tissue Disorders

Headache is a feature of systemic lupus erythe-
matosus and mixed connective tissue disease.
In patients with connective tissue disease, it is
not clear that the cause of neurological symp-
toms, including headache, is vasculitis of the
cerebral arteries.

Clinical Features. Severe headache occurs in as
many as 10% of children with systemic lupus
erythematosus. Headache may occur in the
absence of other neurological manifestations
and can be the initial feature of systemic lupus
erythematosus.

Mixed connective tissue disease is a syn-
drome with features of systemic lupus erythe-
matosus, scleroderma, and polymyositis. Its
course is usually less severe than that of sys-
temic lupus erythematosus. Thirty-five percent
of people with mixed connective tissue disease
report vascular headaches. The headaches are
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moderate and generally do not interfere with
activities of daily living. They may be unilateral
or bilateral but are generally throbbing. More
than half of patients report a visual aura, and
some have nausea and vomiting. Some of these
children may be experiencing migraine aggra-
vated by the underlying vasculitis; in others,
the cause of headache is the vasculitis itself.

Diagnosis. The diagnosis of connective tissue
disease depends on the combination of a com-
patible clinical syndrome and the demonstra-
tion of antinuclear antibodies in the blood.
The presence of antinuclear antibodies in a
child with headache who has no systemic symp-
toms of connective tissue disease should suggest
the possibility of a hypersensitivity reaction.

Management. The ordinary treatment of chil-
dren with connective tissue disease is cortico-
steroids. In many cases, headaches develop
while the child is already taking corticoster-
oids; this occurrence is not an indication to
increase the dose. Headache is not a disabling
symptom and does not indicate a generalized
encephalopathy, and treatment with analge-
sics is unnecessary.
Hypersensitivity Vasculitis

The important causes of hypersensitivity vascu-
litis in children are serum sickness, Henoch-
Schönlein purpura (see Chapter 11), amphet-
amine abuse, and cocaine abuse. Children
with serum sickness or Henoch-Schönlein pur-
pura have systemic symptoms that precede the
headache. Persistent headache and behavioral
changes are often the only neurological conse-
quences of Henoch-Schönlein purpura. In
contrast, substance abuse can cause a cerebral
vasculitis in the absence of systemic symptoms.
The features are headache, encephalopathy,
focal neurological deficits, and subarachnoid
hemorrhage.
Hypertension

A sudden increase in systemic blood pressure
causes the explosive, throbbing headache asso-
ciated with orgasm and pheochromocytoma.
Children with chronic hypertension may have
low-grade occipital headache on awakening
that diminishes as they get up and begin activ-
ity or frontal throbbing headache during the
day. However, most children with chronic
hypertension are asymptomatic. When a child
with renal disease develops headache, hyper-
tension is probably not the cause (see Chapter
2). Instead, pursue alternative causes. Head-
aches are common in patients undergoing
dialysis and may be due to psychological ten-
sion, the precipitation of migraine attacks,
and the dialysis itself. Dialysis headache begins
a few hours after terminating the procedure
and is characterized by mild bifrontal throb-
bing headache, sometimes associated with nau-
sea and vomiting.
PAIN FROM OTHER CRANIAL
STRUCTURES

Eyestrain

Clinical Features. Prolonged ocular near-fixation
in a child with a latent disturbance in conver-
gence may cause dull, aching pain behind
the eyes that is quickly relieved when the eyes
are closed. The pain is of muscular origin
and caused by the continuous effort to main-
tain conjugate gaze. If work continues despite
ocular pain, episodic tension headache may
develop.

Diagnosis. Refractive errors are often a first
consideration in children with eyestrain. Eye-
glasses do not correct the headache. Refractive
errors do not cause eyestrain in children, as
presbyopia does in adults.

Management. Resting the eyes relieves eyestrain.
Episodic Tension Headache

Clinical Features. Episodic tension headache is
common in people of all ages and both gen-
ders. Fatigue, exertion, and temporary life
stress cause the headache. The mechanism is
probably prolonged contraction of muscles
attached to the skull. The pain is constant, ach-
ing, and tight. Localization ismainly to the back
of the head and neck, sometimes becomes dif-
fuse, and is then described as a constricting
band around the head. Nausea, vomiting, pho-
tophobia, and phonophobia are not present.
Headaches usually last for periods ranging from
30 minutes to all day. One episode may last for
several days, with some waxing and waning,
but not for a week.

Diagnosis. Episodic tension headache differs
from chronic tension headache, which has
similar clinical features but persists for weeks,
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months, or years. Most episodic tension head-
aches are self-diagnosed, and the individual
rarely seeks medical attention.

Management. Rest, relaxation, warm compresses
to the neck, and nonprescription analgesics
relieve pain.
Sinusitis

When questioned about migraine symptoms,
most parents identify their own episodic head-
ache, preceded by scintillating scotomata and
followed by nausea and vomiting, as sinusitis.
This diagnosis, while favored by physicians and
patients to describe chronic or episodic head-
aches, is usually wrong.

Clinical Features. Children with sinusitis are
usually sick. They are febrile, feel stuffy, and
have difficulty maintaining a clear airway. Loca-
lized tenderness is present over the infected
frontal or maxillary sinuses, and inflammation
of the ethmoidal or sphenoidal sinuses causes
deep midline pain behind the nose. Blowing
the nose or quick movements of the head,
especially bending forward, exaggerate the
pain. Concurrent vascular headache caused by
fever is common.

Diagnosis. Radiographs reveal clouding of the
sinuses and sometimes a fluid level. CT of the
skull is exceptionally accurate in identifying
sinusitis but is usually an unnecessary expense.
It is impressive how often CT of the head, per-
formed for reasons other than headache, shows
radiographic evidence of asymptomatic sinusitis.
Clearly, radiographic evidence of sinusitis does
not necessarily explain a patient’s headache.

Management. The primary objective of treat-
ment is to allow the sinus to drain.Decongestants
usually accomplish drainage, but sometimes sur-
gery is required. Antibiotics have limited useful-
ness if drainage is not established.
Temporomandibular Joint Syndrome

Temporomandibular joint (TMJ) syndrome
does not cause chronic generalized daily head-
ache. The pain is unilateral and centered over
and below the TMJ (Rothner, 1995).

Clinical Features. TMJ syndrome is a rare disease
in children, occurring in a child as young as
90
8 years of age. The duration of symptoms before
diagnosis may be as long as 5 years and averages
2 years. The primary disturbance is arthritis of
the TMJ causing localized pain in the lower face
and crepitus in the joint. Because of pain on one
side, chewing occurs on the other, with
unwanted overuse of the affected side. The over-
used masseter muscle becomes tender; a muscle
contraction headache ensues. Localization of
pain is on the side of the face and the vertex.
Bruxism or dental malocclusion is the usual
cause of arthritis, but a previous injury of the
jaw accounts for one third of cases of TMJ syn-
drome in children.

Diagnosis. Radiographs of the TMJ usually
show some internal derangement of the joint
and may show degenerative arthritis. Magnetic
resonance imaging (MRI) using surface coils is
the most effective technique to show the dis-
turbed joint architecture.

Management. TMJ syndrome treatment based
on controlled experiments is not established.
Placebos provide considerable benefit, and
TMJ syndrome is not an indication for exten-
sive oral surgery. Nonsteroidal anti-inflamma-
tory agents, application of heat to the tense
muscles, and dental splints may prove useful.
Whiplash and Other Neck Injuries

Whiplash and other neck injuries cause pain
by rupturing cervical disks, damaging soft tis-
sue, injuring occipital nerves, and causing
excessive muscle contraction. The muscles
contract in an effort to splint the area of injury
and thereby reduce further tissue damage.

Clinical Features. Constant contraction of the
neck extensors causes a dull, aching pain not
only in the neck but also in the shoulders
and upper arms. This pain may persist for as
long as 3 months after the injury. Holding
the head in a fixed position is common. Nau-
sea and vomiting are not associated symptoms.

Diagnosis. Cervical spine radiographs are
required after any neck or head injury to
determine the presence of fracture or disloca-
tion. Shooting pains, radiating either to the
occiput or down the arm and into the fingers,
suggest the possibility of disk herniation and
require further study with MRI.

Management. Warn the patient and family at
the onset that prolonged head and neck pain
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is an expected outcome after injury and does
not indicate a serious condition. Several differ-
ent interventions achieve pain relief. Lying or
sitting with the head supported, superficial
application of heat to the painful muscles,
muscle relaxants, and non-narcotic analgesics
are potentially effective. When pain persists
longer than 3 months and affects the head as
well, the possibility of analgesic rebound head-
ache is more likely.
SEIZURE HEADACHE

Diffuse headache caused by vasodilatation of
cerebral arteries is a frequent occurrence after
a generalized tonic-clonic seizure. In patients
who have both epilepsy and migraine, one can
trigger the other; frequently, headache and sei-
zure occur concurrently. Approximately 1% of
epileptic patients report headache as a seizure
manifestation (seizure headache). Most patients
with seizure headaches have epilepsy before the
development of headache. In rare children,
headache is the only feature of their seizure
disorder.

Clinical Features. Headache is part of several
epilepsy syndromes. The most common syn-
drome in children is benign occipital epilepsy
(see Chapter 1). The sequence of events sug-
gests migraine. I evaluated one eloquent ado-
lescent who reported paroxysmal “head pain
unlike other headaches” that was associated
with EEG evidence of generalized epileptiform
activity. Anticonvulsants relieved head pain.

Headache may also occur as a seizure mani-
festation in patients known to have a seizure
disorder. Such individuals usually have a long
history of partial or generalized seizures before
headache becomes part of the syndrome. Asso-
ciated ictal events depend on the site of the
cortical focus and may include auditory halluci-
nations, visual disturbances, vertigo, déjà vu,
and focal motor seizures. Headache may be
the initial feature of the seizure or can follow
other partial seizure manifestations, such as
déjà vu and vertigo. Headache may be
described as throbbing, sharp, or without an
identified quality. Complex partial seizures,
simple partial seizures, or generalized tonic-
clonic seizures follow the headache phase.
Spike foci in patients with seizure headaches
are usually temporal in location.

Diagnosis. Chronic headache in children is
not an indication for EEG. Interictal dis-
charges, especially rolandic spikes, do not
indicate that the headaches are a seizure man-
ifestation, only that the child has a genetic
marker for epilepsy. Children with paroxysmal
headaches, clearly not migraine, may require
an EEG study. If interictal spike discharges
are seen, an effort should be made to record a
seizure headache with an EEG monitor. The
observation of continuous epileptiform activity
during a headache provides reassurance that
headache is a seizure manifestation and that
anticonvulsant drugs will prove effective.

Management. The response to anticonvulsant
therapy is both diagnostic and therapeutic.
Because the seizure focus is usually cortical
and most often in the temporal lobe, antiepi-
leptic drugs are useful for partial epilepsies
(see Chapter 1).
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4
Increased Intracranial
Pressure
Increased intracranial pressure is not a pre-
senting symptom (Table 4-1). Most often,
headache, vomiting, personality change, and
alterations in states of consciousness bring it
to medical attention. Less frequently, diplopia
or the observation that one or both eyes are
turning in is the initial symptom. The basis
for referral for some children is the diagnosis
of papilledema by another physician. Some
conditions causing increased intracranial pres-
sure are discussed elsewhere in this book (see
Chapters 2, 3, 10, and 15). This chapter is
restricted to conditions in which symptoms of
increased intracranial pressure are the initial
and prominent features.
Table 4-1 Features of Increased
Intracranial Pressure

In Infants

Bulging fontanelle
Failure to thrive
Impaired upward gaze (setting-sun sign)
Large head (see Chapter 18)
Shrill cry

In Children

Diplopia (see Chapter 15)
Headache (see Chapter 3)
Mental changes
Nausea and vomiting
Papilledema
PATHOPHYSIOLOGY

Normal intracranial pressure in the resting
state is approximately 10 mm Hg (136 mm
H2O). Pressures greater than 20 mm Hg are
abnormal. When the cranial bones fuse during
childhood, the skull is a rigid box enveloping
its contents. Intracranial pressure is then the
sum of the individual pressures exerted by
the brain, blood, and cerebrospinal fluid
(CSF). An increase in the volume of any one
component requires an equivalent decrease
in the size of one or both of the other com-
partments if intracranial pressure is to remain
constant. Because the provision of oxygen and
nutrients to the brain requires relatively con-
stant cerebral blood flow, the major adaptive
mechanisms available to relieve pressure are
the compressibility of the brain and the rapid
reabsorption of CSF by arachnoid villi. Infants
and young children, in whom the cranial bones
are still unfused, have the additional adaptive
mechanism of spreading the cranial bones
apart to increase cranial volume.
Cerebrospinal Fluid

The choroid plexus accounts for at least 70%
of CSF production, and the transependymal
movement of fluid from the brain to the ven-
tricular system accounts for the remainder.
The average volumes of CSF are 90 mL in
children 4 to 13 years old and 150 mL in
adults. The rate of formation is approximately
0.35 mL/min or 500 mL/day. Approximately
14% of total volume turns over every hour.
The rate at which CSF forms remains relatively
constant and decreases only slightly as CSF
pressure increases. In contrast, the rate of
absorption increases linearly as CSF pressure
exceeds 7 mm Hg. At a pressure of 20 mm Hg,
the rate of absorption is three times the rate of
formation.

Impaired absorption, not increased forma-
tion, is the usual mechanism of progressive
hydrocephalus. Choroid plexus papilloma is
the only pathological process in which forma-
tion can sometimes overwhelm absorption.
When absorption is impaired, efforts to decrease
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the formation of CSF are not likely to have a
significant effect on volume.

Cerebral Blood Flow

Systemic arterial pressure is the primary deter-
minant of cerebral blood flow. Normal cere-
bral blood flow remains remarkably constant
from birth to adult life and is generally 50 to
60 mL/min per 100 g of brain weight. The
autonomic innervation of blood vessels on
the surface and at the base of the brain is
richer than vessels of any other organ. These
nerve fibers allow the autoregulation of cere-
bral blood flow. Autoregulation refers to a
buffering effect by which cerebral blood flow
remains constant despite changes in systemic
arterial perfusion pressure. Alterations in the
arterial blood concentration of carbon dioxide
have an important effect on total cerebral
blood flow. Hypercarbia dilates cerebral blood
vessels and increases blood flow, whereas
hypocarbia constricts cerebral blood vessels
and decreases flow. Alterations in blood oxy-
gen content have the reverse effect, but are
less potent stimuli for vasoconstriction or vaso-
dilation than are alterations in the blood car-
bon dioxide concentration.

Cerebral perfusion pressure is the differ-
ence between mean systemic arterial pressure
and intracranial pressure. Decreasing systemic
arterial pressure or increasing intracranial
pressure decreases perfusion pressure to dan-
gerous levels. The autoregulation of the cere-
bral vessels is lost when cerebral perfusion
pressure decreases to less than 50 cm H2O or
in the presence of severe acidosis. Arterial
vasodilation or obstruction of cerebral veins
and venous sinuses increases intracranial
blood volume. Increased intracranial blood
volume, similar to increased CSF volume,
results in increased intracranial pressure.
Cerebral Edema

Cerebral edema is an increase in the brain’s
volume caused by an increase in its water and
sodium content. Increased intracranial pres-
sure results from either localized or generalized
cerebral edema. The categories of cerebral
edema are vasogenic, cytotoxic, or interstitial.

Increased capillary permeability causes vaso-
genic edema; this occurs with brain tumor,
abscess, trauma, and hemorrhage. The fluid is
located primarily in the white matter and
responds to treatment with corticosteroids.
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Osmotic agents have no effect on vasogenic
edema, but they reduce total intracranial pres-
sure by decreasing normal brain volume. Cyto-
toxic edema, characterized by swelling of
neurons, glia, and endothelial cells, constricts
the extracellular space. The usual causes are
hypoxia, ischemia, or infection of the nervous
system. Corticosteroids do not decrease edema,
but osmotic agents may relieve intracranial
pressure by decreasing brain volume.

Transependymal movement of fluid causes
interstitial edema from the ventricular system
to the brain; this occurs when CSF absorption
is blocked and the ventricles enlarge. The
fluid collects chiefly in the periventricular
white matter. Agents intended to decrease
CSF production, such as acetazolamide and
furosemide, may be useful. Corticosteroids
and osmotic agents are not effective.
Mass Lesions

Mass lesions (e.g., tumor, abscess, hematoma,
arteriovenous malformation) increase intra-
cranial pressure by occupying space at the
expense of other intracranial compartments,
provoking cerebral edema, blocking the circu-
lation and absorption of CSF, increasing blood
flow, and obstructing venous return.
SYMPTOMS AND SIGNS

The clinical features of increased intracranial
pressure depend on the child’s age and the rate
at which pressure increases. Newborns and
infants present a special case because expan-
sion of skull volume allows partial venting of
increased pressure. The rate of intracranial pres-
sure increase is important at all ages. Intracra-
nial structures accommodate slowly increasing
pressure remarkably well, but sudden changes
are intolerable and result in some combination
of headache, personality change, and states of
decreasing consciousness.
Increased Intracranial Pressure
in Infancy

Measurement of head circumference and pal-
pation of the anterior fontanelle are readily
available methods of assessing intracranial vol-
ume and pressure rapidly. Themeasure of head
circumference is the greatest anteroposterior
circumference. Normal standards are different
for premature and full-term newborns. Normal
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head growth in a term newborn is 2 cm per
month for the first 3 months, 1 cm per month
for the second 3months, and 0.5 cm permonth
for the next 6 months. Excessive head growth is
a major feature of increased intracranial pres-
sure throughout the first year until 3 years of
age. Normal head growth does not preclude
the presence of increased intracranial pressure;
however, in posthemorrhagic hydrocephalus,
considerable ventricular dilation precedes any
measurable change in head circumference by
compressing the brain parenchyma.

The palpable tension of the anterior fonta-
nelle is an excellent measure of intracranial
pressure. In a quiet infant, a fontanelle that
bulges above the level of the bone edges and is
sufficiently tense to cause difficulty in determin-
ing where bone ends and fontanelle begins is
abnormal and indicates increased intracranial
pressure. A full fontanelle, which is clearly dis-
tinguishable from the surrounding bone edges,
may indicate increased intracranial pressure,
but alternate causes are crying, edema of the
scalp, subgaleal hemorrhage, and extravasation
of intravenous fluids. The normal fontanelle
clearly demarcates from bone edges, falls below
the surface, and pulsates under the examining
finger. Although the size of the anterior fonta-
nelle and its rate of closure vary, increased intra-
cranial pressure should be suspected when
separation of the metopic and coronal sutures
is sufficient to admit a fingertip.

The infant experiences lethargy, vomit-
ing, and failure to thrive when cranial suture
separation becomes insufficient to decom-
press increased intracranial pressure. Sixth
cranial nerve palsies, impaired upward gaze
(setting-sun sign), and disturbances of blood
pressure and pulse may ensue. Papilledema
is uncommon.
Increased Intracranial Pressure
in Children

Headache

Headache is a common symptom of increased
intracranial pressure at all ages. Traction and
displacement of intracranial arteries are the
major causes of headache from increased
intracranial pressure (see Chapter 3). As a
rule, the trigeminal nerve innervates pain
from supratentorial intracranial vessels, and
referral of pain is to the eye, forehead, and
temple. In contrast, cervical nerves innervate
infratentorial intracranial vessels, and refer-
ral of pain is to the occiput and neck.
With generalized increased intracranial
pressure, as occurs from cerebral edema or
obstruction of the ventricular system, head-
ache is generalized and more prominent on
awakening and when rising to a standing posi-
tion. Pain is constant but may vary in intensity.
Coughing, sneezing, straining, and other man-
euvers that transiently increase intracranial
pressure exaggerate headache. The quality of
the pain is often difficult to describe. Vomit-
ing in the absence of nausea, especially on
arising in the morning, is often a concurrent
feature. In the absence of generalized increased
intracranial pressure, localized, or at least unilat-
eral, headache can occur if a mass causes trac-
tion on contiguous vessels.

In children younger than 10 years old, sepa-
ration of sutures may relieve symptoms of
increased intracranial pressure temporarily.
Such children may have a symptom-free inter-
val of several weeks after weeks or months of
chronic headache and vomiting. The relief of
pressure is temporary, and symptoms eventually
return at their previous intensity. An intermit-
tent course of symptoms should not direct
attention away from the possibility of increased
intracranial pressure.

An individual who was previously well and
then experienced an acute, intense headache
described as “the worst headache I ever had in
my life” probably has had a subarachnoid hemor-
rhage. A small hemorrhage may not cause loss of
consciousness but still produces sufficientmenin-
geal irritation to cause intense headache and
some stiffness of the neck. Fever may be present.

Diplopia and Strabismus

Paralysis of one or both abducens nerves is a
common feature of generalized increased
intracranial pressure and may be a more
prominent feature than headache in children
with idiopathic intracranial hypertension (IIH;
pseudotumor cerebri).

Papilledema

Papilledema is passive swelling of the optic
disk caused by increased intracranial pressure
(Table 4-2). Extension of the arachnoid
sheath of the optic nerve to the retina is essen-
tial for the production of papilledema. This
extension does not occur in a small percentage
of people, and they can have severe increased
intracranial pressure without papilledema. The
edema is usually bilateral and, when unilateral,
suggests a mass lesion behind the affected eye.
Early papilledema is asymptomatic. Only with
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Table 4-2 Differential Diagnosis
of a Swollen Disk

Congenital disk elevation
Increased intracranial pressure
Ischemic neuropathy
Juvenile diabetes
Optic glioma
Papillitis
Retinitis
Retrobulbar mass
Uveitis

Figure 4-2 Established papilledema. The optic
disk is elevated, and opacification of the nerve
fiber layer is seen around the disk margin and
retinal folds (Paton lines) temporally.

Figure 4-1 Acute papilledema. The optic disk is
swollen, and peripapillary nerve fiber layer hemor-
rhages are evident.
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advanced papilledema does transitory obscura-
tion of vision occur. Preservation of visual acuity
differentiates papilledema from primary optic
nerve disturbances, such as optic neuritis, in
which visual acuity is always profoundly
impaired early in the course (see Chapter 16).

The observation of papilledema in a child
with headache or diplopia confirms the di-
agnosis of increased intracranial pressure. The
diagnosis of papilledema is not always easy, how-
ever, and congenital variations of disk appear-
ance may confuse the issue. The earliest sign of
papilledema is loss of spontaneous venous pulsa-
tions in the vessels around the disk margin.
Spontaneous venous pulsations occur in approx-
imately 80% of normal adults, but the rate is
closer to 100% in children. Spontaneous venous
pulsations cease when intracranial pressure
exceeds 200 mm H2O. Papilledema is not pres-
ent if spontaneous venous pulsations are present,
no matter how obscure the disk margin may
appear to be. Conversely, when spontaneous
venous pulsations are lacking in children, one
should suspect papilledema even though the
disk margin is flat and well visualized.

As edema progresses, the disk swells and is
raised above the plane of the retina, causing
obscuration of the disk margin and tortuosity
of the veins (Fig. 4-1). Associated features
include small flame-shaped hemorrhages and
nerve fiber infarcts known as cotton wool. If
the process continues, the retina surrounding
the disk becomes edematous so that the disk
appears greatly enlarged (Fig. 4-2), and retinal
exudates radiate from the fovea. Eventually
the hemorrhages and exudates clear, but optic
atrophy ensues, and blindness may be perma-
nent. Even if increased intracranial pressure
is relieved during the early stages of disk
edema, 4 to 6 weeks is required before the ret-
ina appears normal again.

Congenitally elevated disks, usually caused by
hyaline bodies (drusen) within the nerve head,
give the false impression of papilledema. The
actual drusen are not observable before age 10,
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and only the elevated nerve head is apparent.
Drusen continue to grow and can be seen in
older children and in their parents (Fig. 4-3).
Drusen are an autosomal dominant trait and
occur more often in Europeans than other
ethnic groups. Spontaneous venous pulsations
differentiate papilledema from anomalous
nerve head elevations. Their presence excludes
papilledema.



Figure 4-3 Drusen. The disk margin is indistinct,
the physiological cup is absent, and yellowish glob-
ular bodies are present on the surface.
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Herniation Syndromes

Increased intracranial pressure may cause por-
tions of the brain to shift from their normal
location into other compartments, compres-
sing structures already occupying that space.
These shifts may occur under the falx cerebri,
through the tentorial notch, and through the
foramen magnum (Table 4-3).

Increased intracranial pressure is a relative
contraindication for lumbar puncture. The
change in fluid dynamics causes herniation
Table 4-3 Herniation Syndromes

Unilateral (Uncal) Transtentorial Herniation

Decerebrate rigidity
Decreasing consciousness
Dilated and fixed pupil
Homonymous hemianopia
Increased blood pressure, slow pulse
Irregular respiration

Bilateral (Central) Transtentorial Herniation

Decerebrate or decorticate rigidity
Decreasing consciousness
Impaired upward gaze
Irregular respiration
Pupillary constriction or dilation

Cerebellar (Downward) Herniation

Decreasing consciousness
Impaired upward gaze
Irregular respiration
Lower cranial nerve palsies
Neck stiffness or head tilt
in certain circumstances. The hazard is greatest
when pressure between cranial compartments
is unequal. This prohibition is relative, and,
despite the presence of increased intracranial
pressure, early lumbar puncture is the rule in
infants and children with suspected infections
of the nervous system. In other situations,
lumbar puncture is rarely essential for diag-
nosis, but is usually accomplished safely in
the absence of papilledema. The following
computed tomography (CT) criteria define
people at increased risk of herniation after
lumbar puncture:

n Lateral shift of midline structures
n Loss of the suprachiasmatic and basilar
cisterns

n Obliteration of the fourth ventricle
n Obliteration of the superior cerebellar
and quadrigeminal plate cisterns

Falx Herniation

Herniation of one cingulate gyrus under the falx
cerebri is more common in the presence of one
enlarged hemisphere. The major feature is com-
pression of the internal cerebral vein and the
anterior cerebral artery, resulting in still greater
increased intracranial pressure because of
decreased venous outflow and arterial infarction.

Unilateral (Uncal) Transtentorial
Herniation

The tentorial notch allows structures to pass
from the posterior to the middle fossa. The
brainstem, the posterior cerebral artery, and
the third cranial nerve are its normal compo-
nents. Unilateral transtentorial herniation
characteristically occurs when enlargement of
one temporal lobe causes the uncus or hippo-
campus to bulge into the tentorial notch. Falx
herniation is usually an associated feature.
Because considerable intracranial pressure is
required to cause such a shift, consciousness
decreases even before the actual herniation.
It declines continuously as the brainstem com-
presses. Direct pressure on the oculomotor
nerve causes ipsilateral dilation of the pupil;
sometimes dilation of the contralateral pupil
occurs because the displaced brainstem com-
presses the opposite oculomotor nerve against
the incisura of the tentorium. Contralateral
homonymous hemianopia occurs (but is impos-
sible to test in an unconscious patient) because
of compression of the ipsilateral posterior cere-
bral artery. With further pressure on the mid-
brain, both pupils dilate and fix, respirations
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become irregular, decerebrate posturing is
noted, and death results from cardiorespiratory
collapse.

Bilateral (Central) Transtentorial
Herniation

Central herniation usually is associated with
generalized cerebral edema. Both hemispheres
displace downward, pushing the diencephalon
and midbrain caudad through the tentorial
notch. The diencephalon becomes edematous,
and the pituitary stalk is avulsed. The clinical
features are states of decreasing consciousness,
pupillary constriction followed by dilation,
impaired upward gaze, irregular respiration,
disturbed control of body temperature, decere-
brate or decorticate posturing, and death.

Cerebellar Herniation

Increased pressure in the posterior fossa may
cause upward herniation of the cerebellum
through the tentorial notch or downward dis-
placement of one or both cerebellar tonsils
through the foramen magnum. Upward dis-
placement causes compression of the mid-
brain, resulting in impairment of upward
gaze, dilated or fixed pupils, and respiratory
irregularity. Downward cerebellar herniation
causes compression of the medulla, resulting
in states of decreasing consciousness, impaired
upward gaze, and lower cranial nerve palsies.
One of the earliest features of cerebellar herni-
ation into the foramen magnum is neck stiff-
ness or head tilt in an effort to relieve the
pressure by enlarging the surface area of the
foramen magnum.
MEDICAL TREATMENT

Several measures to lower increased intracranial
pressure are available, even in circumstances
in which surgical intervention is required
(Table 4-4).
Table 4-4 Medical Measures to Decrease
Intracranial Pressure

Corticosteroids
Elevation of head
Glycerol
Hyperventilation
Hypothermia
Mannitol
Osmotic diuretics
Pentobarbital coma
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Monitoring Intracranial Pressure

Severe head trauma is the usual reason for con-
tinuous monitoring of intracranial pressure in
children. Despite advances in technology, the
effect of pressure monitoring on the outcome
in medical diseases associated with increased
intracranial pressure is questionable. It has no
value in children with hypoxic-ischemic en-
cephalopathies and has marginal value in chil-
dren with other kinds of encephalopathies.
Head Elevation

Elevating the head of the bed 30 to 45 degrees
above horizontal improves jugular venous
drainage and decreases intracranial pressure.
Systemic blood pressure remains unchanged,
resulting in increased cerebral perfusion.
Hyperventilation

Intracranial pressure decreases within seconds
of the initiation of hyperventilation. The
mechanism is vasoconstriction resulting from
hypocarbia. The goal is to lower the arterial
pressure of carbon dioxide to 25 to 30 mm Hg.
Ischemia may result from further reductions.
Avoid hyperventilation in patients with head
trauma.
Osmotic Diuretics

Mannitol is the osmotic diuretic most widely
used in the United States. A 20% solution
of mannitol, 0.25 g/kg, infused intravenously
exerts its beneficial effects as a plasma expander
and an osmotic diuretic. Excretion is by the
kidneys, and large doses may cause renal failure,
especially whenusing nephrotoxic drugs concur-
rently. Maintain serum osmolarity at less than
320 mOsm and adequate intravascular volume.
Corticosteroids

Corticosteroids, such as dexamethasone, are
effective in the treatment of vasogenic edema.
The intravenous dose is 0.1 to 0.2 mg/kg every
6 hours. Onset of action is 12 to 24 hours; time
to peak action may be longer. The mechanism
is uncertain. Cerebral blood flow is not affected.
Corticosteroids are most useful for reducing
edema surrounding mass lesions and are not
useful in the treatment of severe head injury.
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Hypothermia

Hypothermia decreases cerebral blood flow
and frequently is used concurrently with pen-
tobarbital coma. Body temperature main-
tained between 27�C and 3�C is ideal. The
gain of using hypothermia in addition to other
measures that decrease cerebral blood flow is
uncertain.
Pentobarbital Coma

Barbiturates decrease edema formation, reduce
cerebral blood flow, and lower the brain’s meta-
bolic rate. These effects do not occur at anti-
convulsant plasma concentrations but require
brain concentrations sufficient to produce a
burst-suppression pattern on the electroenceph-
alogram (EEG). Barbiturate coma is particularly
useful in patients with increased intracranial
pressure resulting from disorders of mitochon-
drial function, such as Reye syndrome. Pento-
barbital is preferred to phenobarbital (see
Chapter 1).
Table 4-5 Brain Tumors in Children

Hemispheric Tumors

Choroid plexus papilloma
Glial tumors

Astrocytoma
Ependymoma
Oligodendroglioma
Primitive neuroectodermal tumors

Pineal region tumors
Pineal-parenchymal tumors

Pineoblastoma
Pineocytoma

Germ cell tumors
Embryonal cell carcinoma
Germinoma
Teratoma

Glial tumors
Astrocytoma
Ganglioglioma

Other tumors
Angioma
Dysplasia
Meningioma
Metastatic tumors

Middle Fossa Tumors

Optic glioma (see Chapter 16)
Sellar and parasellar tumors (see Chapter 16)

Posterior Fossa Tumors

Astrocytoma (see Chapter 10)
Brainstem glioma (see Chapter 15)
Ependymoma (see Chapter 10)
Hemangioblastoma (see Chapter 10)
Medulloblastoma (see Chapter 10)
HYDROCEPHALUS

Hydrocephalus is a condition marked by an
excessive volume of intracranial CSF. It is
termed communicating or noncommunicat-
ing, depending on whether the CSF communi-
cates between the ventricular system and the
subarachnoid space. Congenital hydrocepha-
lus occurs in approximately 1:1000 births. It
generally is associated with other congenital
malformations, and the causes are genetic dis-
turbances and intrauterine disorders, such as
infection and hemorrhage. Often, no cause is
determined. Congenital hydrocephalus is dis-
cussed in Chapter 18 because its initial feature
is usually macrocephaly.

The causes of acquired hydrocephalus are
brain tumor, intracranial hemorrhage, and
infection. Solid brain tumors generally produce
hydrocephalus by obstructing the ventricular
system, whereas nonsolid tumors, such as leuke-
mia, impair the reabsorptive mechanism in the
subarachnoid space.

Intracranial hemorrhage and infection may
produce communicating and noncommunicat-
inghydrocephalus andmay increase intracranial
pressure through the mechanisms of cerebral
edema and impaired venous return. Because sev-
eral factors contribute to increased intracranial
pressure, acquired hydrocephalus is discussed
by cause in the sections that follow.
BRAIN TUMORS

Primary tumors of the posterior fossa and mid-
dle fossa are discussed in Chapters 10, 15, and 16
(Table 4-5). This section discusses tumors of the
cerebral hemispheres. Supratentorial tumors
comprise approximately half of brain tumors
in children. They occur more commonly in chil-
dren younger than 2 years old and adolescents.

Choroid Plexus Tumors

Choroid plexus tumors arise from the epithe-
lium of the choroid plexus of the cerebral ven-
tricles. They represent only 2% to 4% of all
pediatric brain tumors, but 10% to 20% of
tumors that develop in infancy. Three histologi-
cal variants exist: choroid plexus papillomas,
atypical papillomas, and choroid plexus carcino-
mas. Choroid plexus papillomas are five times
more common than choroid plexus carcinomas
by a ratio of at least 5:1. Choroid plexus tumors
usually are located in one lateral ventricle, but
also may arise in the third ventricle.
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Clinical Features. Onset is usually during in-
fancy, and the tumor may be present at birth.
The main features are those of increased intra-
cranial pressure from hydrocephalus. Commu-
nicating hydrocephalus may result from
excessive production of CSF by the tumor,
but noncommunicating hydrocephalus caused
by obstruction of the ventricular foramen is
the rule. If the tumor is pedunculated, its
movement may cause intermittent ventricular
obstruction by a ball-valve mechanism. The
usual course is one of rapid progression, with
only a few weeks from first symptoms to
diagnosis.

Infants with choroid plexus tumors usually
have macrocephaly and are thought to have
congenital hydrocephalus. Older children have
nausea, vomiting, diplopia, headaches, and
weakness. Papilledema is the rule.

Diagnosis. Multilobular, calcified, contrast-
enhancing intraventricular masses are charac-
teristic of choroid plexus tumors. Because
affected children show clear evidence of
increased intracranial pressure, CT is usually
the first study performed. The tumor is
located within one ventricle as a mass of
increased density withmarked contrast enhance-
ment. Hydrocephalus of one or both lateral
ventricles is present. Choroid plexus papillo-
mas are vascular, and many tumors bleed
spontaneously. The spinal fluid may be
xanthochromic or grossly bloody. The pro-
tein concentration in the CSF is usually
increased.

Management. The choroid plexus receives its
blood supply from the anterior and posterior
choroidal arteries, branches of the internal
carotid artery, and the posterior cerebral
artery. The rich vascular network within the
tumors is a major obstacle to complete surgi-
cal removal. Yet, the extent of surgical resec-
tion is the single most important factor that
determines the prognosis of a choroid plexus
papilloma.

Preliminary evidence suggests that cho-
roid plexus carcinomas are chemosensitive
tumors. The role of adjuvant radiation is
controversial. The indications for radiation
are age younger than 3 years, subtotal resec-
tion, malignant features within the tumor,
and dissemination of the tumor along the
neuraxis.

The 5-year survival rate is 50%, with most
deaths occurring within 7 months of surgery.
Complete tumor removal completely relieves
hydrocephalus without the need for a shunt.
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Glial Tumors

Tumors of glial origin constitute approxi-
mately 40% of supratentorial tumors in infants
and children. The common glial tumors of
childhood, in order of frequency, are astrocy-
toma, ependymoma, and oligodendroglioma.
A mixture of two or more cell types is the rule.
Oligodendroglioma occurs exclusively in the
cerebral hemispheres, whereas astrocytoma
and ependymoma have either a supratentorial
or an infratentorial location. Oligodendro-
glioma is mainly a tumor of adolescence. These
tumors grow slowly and tend to calcify. The ini-
tial symptom is usually a seizure rather than
increased intracranial pressure.

Astrocytoma

The grading of hemispheric astrocytomas is by
histological appearance: low-grade, anaplastic,
and glioblastoma multiforme. Low-grade
astrocytomas confined to the posterior fossa
constitute 12% to 18% of all pediatric intracra-
nial tumors and 20% to 40% of all brainstem
tumors. No gender predilection exists; the
peak age at diagnosis is 6 to 10 years. Low-
grade astrocytomas are more common than
high-grade astrocytomas in children. The inci-
dence of low-grade astrocytomas has increased
in recent years because of the widespread
availability and use of magnetic resonance
imaging (MRI) in the diagnosis of presympto-
matic lesions (Wrensch et al, 2002).

Anaplastic tumors and glioblastoma multi-
forme are high-grade tumors. Glioblastoma
multiforme accounts for fewer than 10% of
childhood supratentorial astrocytomas and is
more likely to occur in adolescence than in
infancy. High-grade tumors may evolve from
low-grade tumors.

Clinical Features. The initial features of glial
tumors in children depend on the location
and may include seizures, hemiparesis, and
movement disorders affecting one side of the
body. Seizures are the most common initial
feature of low-grade gliomas. Tumors infiltrat-
ing the basal ganglia and internal capsule are
less likely to cause seizures than tumors closer
to cortical structures. A slow-growing tumor
may not cause a mass effect because surround-
ing neural structures accommodate infiltrat-
ing tumors. Such tumors may cause only
seizures for several years before causing weak-
ness of the contralateral limbs.

Headache is a relatively common feature.
Pain localizes if the tumor produces focal



Figure 4-4 Low-grade gli-
oma. MRI (left) reveals an area
of increased signal intensity in
the right temporal lobe, which
appears as a cystic lesion on
CT (right).

Figure 4-5 Malignant glioma. MRI reveals a malig-
nant astrocytoma invading the corpus callosum.
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displacement of vessels without increasing
intracranial pressure. A persistent focal head-
ache usually correlates well with tumor location.

The initial features in children with medul-
lary tumors may be progressive dysphagia,
hoarseness, ataxia, and hemiparesis. Cervico-
medullary tumors cause neck discomfort,
weakness or numbness of the hands, and an
asymmetrical quadriparesis. Midbrain tumors
cause increased intracranial pressure, diplo-
pia, and hemiparesis.

Symptoms of increased intracranial pressure,
generalized headache, nausea, and vomiting,
are initial features of hemispheric astrocytoma
in only one third of children, but are common
at the time of diagnosis. Intracranial pressure
is likely to increase when rapidly growing tumors
provoke edema of the hemisphere. A mass
effect collapses one ventricle, shifts midline
structures, and puts pressure on the aqueduct.
When herniation occurs or when the lateral
ventricles are dilated because of pressure on
the aqueduct, the early features of headache,
nausea, vomiting, and diplopia are followed by
generalized weakness or fatigability, lethargy,
and decreasing consciousness.

Papilledema occurs in children with gen-
eralized increased intracranial pressure, but
macrocephaly occurs in infants. When papil-
ledema is present, abducens palsy is usually
an associated symptom. Other neurological
findings depend on the site of the tumor and
may include hemiparesis, hemisensory loss,
and homonymous hemianopia.

Diagnosis. MRI is always preferable to CT when
suspecting a tumor. Low-grade gliomas appear
as low-density or cystic areas that enhance with
contrast material (Fig. 4-4). A low-density area
surrounding the tumor that does not show con-
trast enhancement indicates edema.

High-grade gliomas have patchy areas of
low and high density, sometimes evidence of
hemorrhage, and cystic degeneration. Marked
contrast enhancement, often in a ring pattern,
is noted. When a mass effect is present, MRI
shows a shift of midline structures, deformity
of the ipsilateral ventricle, and swelling of the
affected hemisphere with obliteration of sulcal
markings (Fig. 4-5). A mass effect occurs in
half of low-grade astrocytomas and almost all
high-grade tumors.
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Management. Treat all children with increased
intracranial pressure caused by hemispheric
astrocytoma with dexamethasone to reduce
vasogenic cerebral edema. Headache and nau-
sea are frequently relieved within 24 hours;
neurological deficits improve as well.

Surgical resection of the tumor is the next
step in treatment. Long-term survival for chil-
dren with completely resected supratentorial
low-grade astrocytoma is good, with the notable
exception of those with diffuse pontine glio-
mas, for whom the prognosis is poor (Jallo
et al, 2004; Mauffrey, 2006). Gemistocytic astro-
cytoma, a variant of astrocytoma characterized
by the presence of gemistocytic neoplastic
astrocytes with eosinophilic cytoplasm, has a
less predictable clinical course because this
tumor tends to rapidly progress to a higher-
grade lesion such as anaplastic astrocytoma or
glioblastoma. The prognosis for focal midbrain
tumors is also favorable despite the fact that
complete resection is not possible (Stark et al,
2005).

Children with low-grade astrocytomas of the
cerebral hemisphere have a 20-year survival rate
of 85% after surgical resection alone (Pollack
et al, 1995). Postoperative radiotherapy impairs
cognition without increasing survival. Postoper-
ative radiation should be recommended for
anaplastic astrocytomas. Children with anaplas-
tic astrocytomas have a 5-year survival rate of less
than 30%, evenwith radiotherapy, and children
with glioblastoma multiforme have a 5-year
survival rate of less than 3%. Because the 5-year
survival rate of children with high-grade astrocy-
tomas is poor, several chemotherapy protocols
are being tried.

Ependymoma

Ependymomas are tumors derived from cells
that line the ventricular system and may be
either supratentorial or infratentorial in loca-
tion. Infratentorial ependymoma is discussed
in Chapter 10 because the initial symptom is
often ataxia. Symptoms of increased intracra-
nial pressure are the first feature in 90% of
children with posterior fossa ependymoma,
and papilledema is present in 75% at the time
of initial examination.

Approximately 60% of children with epen-
dymoma are younger than 5 years old at the
time of diagnosis, and only 4% are older than
15 years. As a rule, infratentorial ependymoma
occurs at a younger age than supratentorial
ependymoma.

The expected location of supratentorial
ependymoma is in relation to the third and
102
lateral ventricles. Ependymal tumors may arise
within the hemispheres, however, at a site dis-
tant from the ventricular system. Such tumors
probably derive from ependymal cell rests.

Clinical Features. Symptoms of increased intra-
cranial pressure are less prominent with supra-
tentorial tumors than with infratentorial tu-
mors. Common manifestations are focal weak-
ness, seizures, and visual disturbances. Papille-
dema is a common feature in all patients with
ependymoma. Hemiparesis, hyperreflexia, and
hemianopia are typical features, but some chil-
dren show only ataxia. The duration of symp-
toms before diagnosis averages only 7 months,
but can be 1 month for malignant tumors and
several years for low-grade tumors.

Diagnosis. A typical appearance on MRI of a
fourth ventricular ependymoma is that of a
homogeneously enhancing solid mass extend-
ing out one of the foramina of Luschka or the
foramen of Magendie with associated obstruc-
tive hydrocephalus. Tumor density on CT is
usually greater than brain density, and contrast
enhancement is present. Small cysts within the
tumor are relatively common. Approximately
one third of supratentorial ependymomas con-
tain calcium.

Tumors within the third ventricle cause
marked dilation of the lateral ventricles, with
edema of the hemispheres and obliteration of
sulcal markings. High-grade tumors are likely
to seed the subarachnoid space, producing
metastases in the spinal cord and throughout
the ventricular system. In such cases, tumor
cells may line the lateral ventricles and produce
a “cast” of contrast enhancement around the
ventricles.

Management. Complete surgical resection is
possible in only 30% of cases. Even after com-
plete resection, the 5-year progression-free sur-
vival rate is 60% to 80%. Survival relates
directly to the effectiveness of surgical removal
followed by either radiation therapy or chemo-
therapy. The use of radiation in young chil-
dren with ependymomas was avoided in the
past because the risks of cognitive, endocrine,
and developmental side effects. However, the
advent of more selective radiation delivery tech-
niques has made postoperative radiation ther-
apy an attractive option for pediatric patients
(Mansur et al, 2004). Several studies suggest that
radiation therapy prolongs progression-free
survival after subtotal resection of an ependy-
moma. As such, there is now growing evidence
supporting the use of adjuvant radiation for
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spinal cord and supratentorial ependymomas
(Merchant et al, 2004).
Primitive Neuroectodermal Tumors

Medulloblastoma represents approximately 85%
of intracranial primitive neuroectodermal tu-
mors and 15% of all pediatric brain tumors.

Clinical Features. Age at onset may be anytime
during childhood but is usually before age 10
(McNeil et al, 2002). The incidence in males
is twice that of females, and the median age at
diagnosis is 5 to 7 years. Because primitive neu-
roectodermal tumors are highly malignant, the
progression of symptoms is rapid, and the time
to diagnosis is usually less than 3 months.

Many clinical features of medulloblastoma
relate to its location in the fourth ventricle.
Obstructive hydrocephalus and increased intra-
cranial pressure are prominent. Headache
occurs early and usually precedes diagnosis by
4 to 8 weeks. Morning nausea, vomiting, and
irritability are early features. Lethargy, diplopia,
head tilt, and truncal ataxia lead to evaluation.
The common signs on examination are papille-
dema, ataxia, dysmetria, and cranial nerve
involvement. Abducens nerve palsy is the cause
of diplopia and head tilt. Torticollis can be a
sign of cerebellar tonsil herniation.

Diagnosis. On CT, primitive neuroectodermal
tumors are high-density lesions that enhance
and produce hydrocephalus. The tumor mass
is surrounded by cerebral edema, and midline
structures are frequently shifted under the falx.
MRI shows homogeneous to mixed signal
intensity in the tumor. On T2-weighted images,
the lesions are nearly isointense to brain
parenchyma, but they enhance intensely after
contrast administration.

Management. Dexamethasone often relieves
cerebral edema. Complete tumor resection is
rarely accomplished. Primitive neuroectoder-
mal tumors are radiosensitive, and radiation
of the entire craniospinal axis is required.
Survival is usually less than 1 year. Several che-
motherapeutic trials are ongoing.
Pineal Region Tumors

The derivation of tumors in the pineal region
is from several histological types. Germ cell
tumors are the most common, followed by
tumors of the pineal parenchyma. The inci-
dence of pineal region tumors is 10 times
higher in Japan than in the United States or
Western Europe. Pineal region tumors are
more common in boys than in girls and gener-
ally become symptomatic during adolescence.

Clinical Features. Because pineal region tumors
are in a midline location where they can invade
or compress the third ventricle or aqueduct,
symptoms of increased intracranial pressure
are common. The first symptoms may be acute
and accompanied by midbrain dysfunction.
Midbrain dysfunction resulting from pressure
by pineal region tumors on the periaqueductal
gray is Parinaud syndrome: loss of pupillary light
reflex, supranuclear palsy of upward gaze with
preservation of downward gaze, and retraction-
convergence nystagmus when upward gaze is
attempted. Eventually, paralysis of upward and
downward gaze and loss of accommodation
may occur.

Tumors growing into or compressing the
anterior hypothalamus produce loss of vision,
diabetes insipidus, precocious puberty, and
emaciation. Precocious puberty occurs almost
exclusively in boys. Extension of tumor into
the posterior fossa produces multiple cranial
neuropathies and ataxia, and lateral extension
causes hemiparesis.

Diagnosis. Pineal germinomas are well circum-
scribed and relatively homogeneous. The MRI
appearance is low signal intensity on T2-
weighted images and marked enhancement
with intravenous contrast. Teratomas appear
lobulated and have hyperdense and multicys-
tic areas. Calcification may be present, and
contrast enhancement is not uniform. Tumors
that spread into the ventricular system and
have intense contrast enhancement are likely
to be malignant. Tumors that contain abun-
dant amounts of calcium are likely to be
benign.

CT or MRI sometimes identifies asymptom-
atic non-neoplastic pineal cysts in children
undergoing imaging for other reasons. These
are developmental variants of the pineal
gland, which may contain calcium. They only
rarely grow to sufficient size to obstruct the
aqueduct or cause Parinaud syndrome.

Management. Stereotactic biopsy is essential to
establish the histological type and to plan ther-
apy. Ventricular drainage relieves hydro-
cephalus when needed. Resection of pure
germinomas is never appropriate because of
their sensitivity to radiation and chemotherapy.
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Resection is the procedure of choice for non-
germinomatous pineal region tumors once
the diagnosis is established. It may be curative
for benign lesions such as a pure teratoma
and may improve prognosis for patients with
malignant tumors. The common complica-
tions of pineal region surgery are ocular dys-
motility, ataxia, and altered mental status.
Other Tumors

Cerebral metastatic disease is unusual in child-
hood. Tumors that produce cerebral metas-
tases most frequently are osteogenic sarcoma
and rhabdomyosarcoma in patients younger
than 15 years old and testicular germ cell
tumors after age 15. The cerebral hemispheres,
more often than posterior fossa structures, are
affected. Pulmonary involvement always pre-
cedes cerebral metastasis. Brain metastasis is
rarely present at the time of initial cancer
diagnosis.

Meningioma is uncommon in children. The
initial features may be focal neurological signs,
seizures, or increased intracranial pressure.
INTRACRANIAL ARACHNOID
CYSTS

Primary arachnoid cysts are CSF-filled cavities
within the arachnoid. The cause of cyst forma-
tion is uncertain. They represent a minor dis-
turbance in arachnoid formation and not a
pathological process. Arachnoid cysts are
found in 0.5% of postmortem examinations;
two thirds are supratentorial and one third
are infratentorial.

Clinical Features. Most cysts are asymptomatic
structures identified by CT or MRI. Deciding
whether the cyst caused the symptom for
which the imaging study was required is often
problematic. Subarachnoid cysts are usually
present from infancy, but may develop, or
at least enlarge enough to detect, during
adolescence.

Large cysts can produce symptoms by com-
pressing adjacent structures or by increasing
intracranial pressure. Focal neurological dis-
turbances vary with the location, but are most
often hemiparesis or seizures when the cyst is
supratentorial and ataxia when the cyst is
infratentorial. Compression of the parietal
lobe from early infancy may result in under-
growth of contralateral limbs.
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Increased intracranial pressure can result
from mass effect or from hydrocephalus and
is associated with cysts in all locations. Clinical
features include macrocephaly, headache, and
behavioral change.

Diagnosis. It has become common for children
with headache, learning or behavioral disor-
ders, and suspected seizure disorders to
undergo imaging studies of the brain. Many
of these studies show incidental arachnoid
cysts. A cause-and-effect relationship is a con-
sideration only if the cyst is large and clearly
explains the symptoms. Positron emission
tomography may be useful in deciding whether
an arachnoid cyst is having a pressure effect on
the brain. Hypometabolism in the surrounding
brain indicates brain compression.

Management. Simple drainage of the cyst often
results in reaccumulation of fluid and recur-
rence of symptoms. Superficial cysts require
excision, and deeply located cysts require a
shunt in the peritoneal space.
INTRACRANIAL HEMORRHAGE

Head Trauma

Head trauma is a major cause of intracranial
hemorrhage from the newborn period
through childhood and adolescence. It is asso-
ciated with intracerebral hemorrhage, sub-
arachnoid hemorrhage, subdural hematoma,
and epidural hematoma. Increased intracra-
nial pressure is a constant feature of intracra-
nial hemorrhage and occurs from cerebral
edema after concussion without hemorrhage.
Intracranial hemorrhage from head trauma is
discussed in Chapter 2.
Intraventricular Hemorrhage
in the Newborn

Intraventricular hemorrhage is primarily a disor-
der of live-born premature neonates with respira-
tory distress syndrome. The autoregulation of
cerebral blood flow, which meets local tissue
needs by altering cerebrovascular resistance, is
impaired in premature newborns with respira-
tory distress syndrome. During episodes of sys-
temic hypotension, decreased cerebral blood
flow increases the potential for cerebral infarc-
tion. Such infarctions usually occur symmetrically
in the white matter adjacent to the lateral ventri-
cles and are termed periventricular leukomalacia.
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During episodes of systemic hypertension,
cerebral blood flow increases. Hemorrhage
occurs first in the subependymal germinal
matrix and then bursts through the ependymal
lining into the lateral ventricle. The term for
such hemorrhages is periventricular-intraventricu-
lar hemorrhages (PIVH). The predilection of the
germinal matrix for hemorrhage during epi-
sodes of increased cerebral blood flow is
unknown. The likely explanation is previous
ischemic injury that weakens the capillary walls
and their supporting structures, making them
vulnerable to rupture during episodes of
increased cerebral blood flow. Intraventricular
hemorrhage also occurs in full-term newborns,
but the mechanism of hemorrhage at term is
different from that before term.
Periventricular-Intraventricular
Hemorrhage in Premature Newborns

The incidence of PIVH in premature new-
borns with a birth weight less than 2000 g has
been decreasing. The reason for the decrease
is probably attributable to advances in ventila-
tory care. PIVH occurs in approximately 20%
of premature newborns with a birth weight less
than 1500 g (Roland and Hill, 1997). It occurs
on the first day in 50% of affected newborns
and before the fourth day in 90%. PIVH origi-
nates in ruptured small vessels in the subepen-
dymal germinal matrix. Approximately 80% of
germinal matrix hemorrhages extend into
the ventricular system. Hemorrhagic lesions in
the cerebral parenchyma accompany severe
hemorrhages. Parenchymal hemorrhages are
usually unilateral and result from hemorrhagic
venous infarction in the periventricular region
(Volpe, 2000).

The following is a grading system for PIVH:

Grade I: Isolated subependymal hemor-
rhage

Grade II: Intraventricular hemorrhage with-
out ventricular dilation

Grade III: Intraventricular hemorrhage with
ventricular dilation

Grade IV: Intraventricular hemorrhage with
ventricular dilation and hemorrhage into
the parenchyma of the brain

Hemorrhage into the parenchyma of the
brain (grade IV) is a coexistent process caused
by hemorrhagic infarction (periventricular
hemorrhagic infarction) and is not an exten-
sion of the first three grades of intraventricu-
lar hemorrhage.
Clinical Features. Routine ultrasound examina-
tions are standard in the care of all newborns
whose birth weight is 1800 g or less and often
reveal PIVH in newborns in whom no clinical
suspicion existed. Among this group, some
have blood in the CSF, and others have clear
CSF. Only newborns with grade III or IV hem-
orrhage have predictable clinical features.

In some premature newborns, PIVH pro-
duces rapid neurological deterioration charac-
terized by decreasing states of consciousness,
severe hypotonia, and respiratory insufficiency.
Within minutes to hours, the infant shows obvi-
ous evidence of increased intracranial pressure:
bulging fontanelle, decerebrate posturing, loss
of pupillary reflexes, and respiratory arrest.
Hypothermia, bradycardia, hypotension, and
hematocrit may decrease by 10%.

Often the hemorrhage manifests by step-
wise progression of symptoms over hours or
days. The initial symptoms are subtle and
include change in behavior, diminished spon-
taneous movement, and either an increase or
decrease in appendicular tone. The fonta-
nelles remain soft, and vital signs are stable.
These first symptoms may correspond to grade I
hemorrhage. Some newborns become stable
and have no further difficulty. Others undergo
clinical deterioration characterized by hypotonia
and declining consciousness. This deteriora-
tion probably corresponds to the presence
of blood in the ventricles. The child becomes
lethargic or obtunded, then may stabilize. If
continued bleeding causes acute ventricular
dilation, apnea and coma follow. Seizures
occur when blood dissects into the cerebral
parenchyma.

Newborns with PIVH are at risk of progressive
hydrocephalus. The likelihood is much greater
among children with grade III or IV hemor-
rhage. Initial ventricular dilation is probably
due to plugging of the arachnoid villi and
impaired reabsorption of CSF. The ventricles
can enlarge by compressing the brain without
causing ameasurable change in head circumfer-
ence. Weekly ultrasound studies are imperative
to follow the progression of hydrocephalus.

Diagnosis. Ultrasonography is the standard for
the diagnosis of intraventricular hemorrhage
in the newborn. Ultrasonography is preferred
over other brain imaging techniques because
it is accurate and easily performed in the
intensive care nursery. MRI during infancy or
childhood is useful to show the extent of brain
damage from the combination of periventricu-
lar leukomalacia and PIVH.
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Prevention. Table 4-6 lists some methods to
prevent PIVH. A premature newborn trans-
ported to an intensive care nursery has a far
greater chance of hemorrhage than a fetus
transported to the delivery room in utero.
Muscle paralysis with pancuronium bromide
in ventilated premature newborns decreases
the incidence and severity of PIVH by stabiliz-
ing fluctuations of cerebral blood flow veloc-
ity. Phenobarbital may dampen fluctuations
of systemic blood pressure and cerebral blood
flow, and indomethacin inhibits prostaglandin
synthesis, regulating cerebral blood flow. The
efficacy of both agents is inconclusive.

Extension of hemorrhage occurs in 20% to
40% of cases. Serial ultrasound scans provide
early diagnosis of posthemorrhagic hydrocepha-
lus, which develops in 10% to 15% of premature
newborns with PIVH. Factors that influence the
management of posthemorrhagic hydrocepha-
lus are the rate of progression, ventricular size,
and intracranial pressure. The hydrocephalus
ultimately arrests or regresses in 50% of chil-
dren and progresses to severe hydrocephalus
in the remainder. Rapid ventricular enlarge-
ment requires intervention in less than 4 weeks.

Management. When intraventricular hemor-
rhage occurs, treatment is directed at the
prevention or stabilization of progressive post-
hemorrhagic hydrocephalus. The efficacy of
treatment for posthemorrhagic hydrocephalus
is difficult to assess because the role of ventric-
ular dilation in causing chronic neurological
impairment is not established. Newborns with
progressive posthemorrhagic hydrocephalus
also have experienced asphyxial encephalopa-
thy, germinal matrix hemorrhage, and periven-
tricular leukomalacia. Neurological morbidity
correlates better with the degree of parenchy-
mal damage than with ventricular size.
Table 4-6 Prevention of Periventricular-
Intraventricular Hemorrhage

Antenatal

Delivery in specialized center
Prevention of prematurity

Postnatal

Avoidance of rapid volume expansion
Correction of coagulation abnormalities
Maintenance of stable systemic blood pressure
Muscle paralysis of ventilated premature newborns
Potential pharmacological agents

Indomethacin
Phenobarbital
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The definitive treatment is the placement of
a ventriculoperitoneal shunt. Early shunt place-
ment, while the ventricles still contain blood,
has a high incidence of failure and infection,
and temporizing measures are therefore
required. These measures include CSF drainage
by serial lumbar punctures, external ventriculos-
tomy, and drugs that decrease CSF production
(carbonic anhydrase inhibitors and diuretics
such as acetazolamide and furosemide).

Intraventricular Hemorrhage at Term

In contrast to intraventricular hemorrhage in
a premature newborn, which originates almost
exclusively in the germinal matrix, intraven-
tricular hemorrhage at term may originate in
the veins of the choroid plexus, the germinal
matrix, or both.

Clinical Features. Full-term newborns with
intraventricular hemorrhage form two groups.
In more than half, delivery is difficult, fre-
quently from the breech position, and some
degree of intrauterine asphyxia is sustained.
Usually, these newborns show bruising and
require resuscitation. At first, they appear to
be improving, and then multifocal seizures
occur on the second day postpartum. The fon-
tanelle is tense, and the CSF is bloody.

The other half of affected infants experience
neither trauma nor asphyxia and appear normal
at birth. During the first hours postpartum,
apnea, cyanosis, and a tense fontanelle develop.
The mechanism of hemorrhage is unknown.
Posthemorrhagic hydrocephalus is common in
both groups, and 35% require shunt placement.

Diagnosis. Ultrasonography is as useful for
diagnosis of intraventricular hemorrhage in
full-term newborns as in premature newborns.

Management. The treatment of full-term new-
borns with intraventricular hemorrhage is the
same as for premature newborns with intra-
ventricular hemorrhage.
Arterial Aneurysms

Arterial aneurysms are vestiges of the embryonic
circulation and are present in a rudimentary
form before birth. Only rarely do they rupture
during childhood. Symptomatic arterial aneu-
rysms in childhood may be associated with
coarctation of the aorta or polycystic kidney dis-
ease. Aneurysms tend to be located at the bifur-
cation of major arteries at the base of the brain.
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Clinical Features. Subarachnoid hemorrhage is
usually the first feature of a ruptured aneurysm.
The initial symptoms may be catastrophic: sud-
den loss of consciousness, tachycardia, hypoten-
sion, and evidence of increased intracranial
pressure, but in most patients, the first bleeding
is a “warning leak” that may go unrecognized.
Severe headache, stiff neck, and low-grade
fever characterize the warning leak. Occasion-
ally, aneurysms produce neurological signs by
exerting pressure on adjacent cranial nerves.
Oculomotor nerve dysfunction is common,
resulting in disturbances of gaze and pupillary
function.

Physical activity does not relate to the time
of rupture. Aneurysmal size is the main predic-
tor of rupture; aneurysms smaller than 1 cm in
diameter have a low probability of rupture.

The patient’s state of consciousness is the
most important predictor of survival. Approxi-
mately 50% of patients die during the first
hospitalization, some from the initial hemor-
rhage during the first 14 days. If untreated,
another 30% die from recurrent hemorrhage
in the next 10 years. Unruptured aneurysms
may cause acute severe headache without
nuchal rigidity. The mechanism of headache
may be aneurysmal thrombosis or localized
meningeal inflammation.

Diagnosis. On the day of aneurysmal rupture,
CT shows intracranial hemorrhage in all
patients, but the blood rapidly reabsorbs, and
only two thirds have visible hemorrhage on
the fifth day using standard MRI or magnetic
resonance angiography. Lumbar puncture is
common because the stiff neck, headache,
and fever suggest bacterial meningitis. The
fluid is grossly bloody and thought traumatic,
unless centrifugation reveals xanthochromic
fluid. When a diagnosis of subarachnoid hem-
orrhage is established, all vessels need to be
visualized to determine the aneurysmal site
and the presence of multiple aneurysms.
Four-vessel cerebral arteriography had been
the standard imaging study, but improved
magnetic resonance angiography technology
may replace angiography.

Management. The definitive treatment is surgi-
cal clipping and excision of the aneurysm.
Early surgery prevents rebleeding in conscious
patients (Olafsson et al, 1997). Cerebral vaso-
spasm and ischemia are the leading causes of
death and disability among survivors of an ini-
tial aneurysm rupture. Pharmacological means
to prevent rebleeding are becoming less
important with the increasing frequency of
early operative intervention. Medical therapy
for the prevention and treatment of vasospasm
includes a regimen of volume expansion and
induced systemic hypertension. Nimodipine
is effective for the prevention of delayed
ischemia.

The 6-month survival rate in patients who
are conscious at the time of admission is
approximately 86%. In contrast, only 20% of
patients who are comatose on admission live
6 months.
Arteriovenous Malformations

Approximately 0.1% of children have an arterio-
venous malformation, of which 12% to 18%
become symptomatic in childhood (Menovsky
and van Overbeeke, 1997). These are not on a
genetic basis. Two types ofmalformations occur.
One type arises early in gestation from an
abnormal communication between primitive
choroidal arteries and veins. Such malforma-
tions are in the midline and give rise to malfor-
mation of the vein of Galen, malformations
involving the choroid plexus, and shunts
between cerebellar arteries and the straight
sinus. The other type arises later in gestation
or even after birth between superficial arteries
and veins. The result is an arteriovenous
malformation within the parenchyma of the
cerebral hemisphere. Interconnections exist
between the vessels of the scalp, skull, and
dura, causing anastomotic channels between
the extracranial and intracranial circulations
to remain patent. Approximately 90% of arte-
riovenous malformations are supratentorial,
and 10% are infratentorial.

Deep Midline Malformations

Hydrocephalus and cardiac failure during
infancy are the presenting features of large
deep midline malformations, especially mal-
formations involving the great vein of Galen.
They rarely bleed (Meyers et al, 2000). These
malformations are discussed in Chapter 18.

Clinical Features. Small, deep midline malfor-
mations are rarely symptomatic in childhood.
Bleeding into the parenchyma of the brain
or into the subarachnoid space calls attention
to the problem. Secondary venous changes
reroute the drainage to the pial veins, which
then bleed. Because the bleeding is from the
venous rather than the arterial side of the mal-
formation, the initial symptoms are not as cata-
strophic as with arterial aneurysms. Symptoms
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may evolve over several hours, and no charac-
teristic clinical syndrome is associated. Most
patients describe sudden severe headache,
neck stiffness, and vomiting. Fever is frequently
an associated symptom. The presence of focal
neurological deficits depends on the location
of the malformation and may include hemipar-
esis, sensory disturbances, and oculomotor
palsies. Many patients recover completely from
the first hemorrhage; the risk of recurrent
hemorrhage is small.

Diagnosis. Contrast-enhanced MRI or CT eas-
ily reveals most arteriovenous malformations
and the degree of ventricular enlargement.
Four-vessel arteriography or magnetic reso-
nance angiography defines all arterial and
venous channels.

Management. Microsurgical excision, when fea-
sible, is the treatment modality of choice. Man-
agement of deep midline malformations is by
venous embolization. The results vary with the
size and location of the malformation.

Supratentorial Malformations

Clinical Features. Among children with arte-
riovenous malformations in and around the
cerebral hemispheres, the initial feature is
intracranial hemorrhage in half and seizures
in half. Recurrent vascular headache may pre-
cede the onset of hemorrhage and seizures
may develop concurrently. Headaches are usu-
ally unilateral but may not occur consistently
on the same side. In some patients, the head-
aches have a migraine quality: scintillating sco-
tomata and unilateral throbbing pain. The
incidence of these migraine-like headaches in
patients with arteriovenous malformations
does not seem to be greater than in the gen-
eral population. The malformation probably
provokes a migraine attack in people who are
genetically predisposed.

Most patients who have seizures have at least
one focal seizure, but among the seizures
associated with arteriovenous malformations,
half are focal seizures and half are generalized
seizures. No specific location of the malforma-
tion is associated with a higher incidence of
seizures. Small superficial malformations, espe-
cially in the centroparietal region, are associated
with the highest incidence of hemorrhage.
Hemorrhage may be subarachnoid only or may
dissect into the brain parenchyma.

Diagnosis. MRI and contrast-enhanced CT pro-
vide excellent visualization of the malformation
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in most children. Four-vessel arteriography is
required to define all arterial and venous chan-
nels, but magnetic resonance angiography may
serve the same function as the technology
improves.

Management. The photon knife is becoming
the standard of treatment for small malforma-
tions. Other options for management include
microsurgical excision and embolization.
Superficial malformations are more accessible
for direct surgical excision than malforma-
tions deep in the midline. In considering
treatment modes, the physician must balance
the decision to do something against the deci-
sion to do nothing based on the likelihood of
further bleeding and the morbidity due to
intervention.

Cocaine Abuse

Intracranial hemorrhage is associated with
cocaine abuse, especially crack, in young
adults. The hemorrhages may be subarach-
noid or intracerebral in location. Sudden tran-
sitory increases in systemic blood pressure are
the cause.
INFECTIOUS DISORDERS

Infections of the brain and meninges produce
increased intracranial pressure by causing
cerebral edema, by obstructing the flow and
reabsorption of CSF, and by impairing venous
outflow. Symptoms of increased intracranial
pressure are frequently the initial features of
bacterial and fungal infections and, occasion-
ally, viral encephalitis. Viral infections are more
likely to cause seizures, personality change, or
decreased consciousness and are discussed in
Chapter 2.
Bacterial Meningitis

The offending organism and clinical features
of bacterial meningitis vary with age. It is use-
ful to discuss the syndromes of bacterial
meningitis by age group: newborns, infants
and young children (28 days to 5 years), and
school-age children.

Meningitis in Newborns

Meningitis occurs in approximately 1:2000 term
newborns and 3:1000 premature newborns and
accounts for 4% of all neonatal deaths. It is a
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consequence of septicemia, and organs other
than the brain are infected. Maternal infection
is the main risk factor for sepsis and meningitis.

Early-onset (first 5 days) and late-onset (after
5 days) patterns of meningitis have been identi-
fied in newborns. In early-onset meningitis,
acquisition of infection occurs at the time of
delivery, and the responsible organisms are
usually Escherichia coli or group B streptococcus.
The newborn becomes symptomatic during the
first week, and the mortality rate is 20% to 50%.
In late-onset meningitis, acquisition of infec-
tion is postnatal, and symptoms may begin on
the fourth day postpartum but usually begin
after the first week. Newborns requiring inten-
sive care are specifically at risk of late-onset
meningitis because of excessive instrumenta-
tion. The responsible organisms are E coli,
group B streptococcus, enterococci, gram-
negative enteric bacilli (Pseudomonas and Klebsi-
ella), and Listeria monocytogenes. The mortality
rate is 10% to 20%.

Clinical Features. Newborns infected in utero
or during delivery may experience respiratory
distress and shock within 24 hours of birth.
Other features that may be associated with sep-
ticemia include hyperthermia, hypothermia,
jaundice, hepatomegaly, lethargy, anorexia,
and vomiting.

In late-onset meningitis, the clinical mani-
festations are variable. Initial symptoms are
usually nonspecific and include lethargy, dis-
turbed feeding, and irritability. As the meningi-
tis worsens, hyperthermia, respiratory distress
or apnea, and seizures are present in approxi-
mately half of newborns, but bulging of the
fontanelle occurs in only one fourth, and
nuchal rigidity is unusual. Shock is the usual
cause of death.

Diagnosis. The diagnosis of septicemia and
meningitis in the newborn is often difficult
to establish based on symptoms. The first sus-
picion of septicemia should prompt lumbar
puncture. Even in the absence of infection,
the CSF of febrile newborns averages 11 leuko-
cytes/mm3 (range, 0–20 leukocytes/mm3).
Less than 6% are polymorphonuclear leuko-
cytes. The protein concentration has a mean
value of 84 mg/dL (0.84 g/L), with a range
of 40 to 130 mg/dL (0.4–1.3 g/L), and the
glucose concentration has a mean value of
46 mg/dL (0.46 g/L), with a range of 36 to
56 mg/dL (0.36–0.56 g/L).

In newborns with meningitis, the leukocyte
count is usually in the thousands, and the
protein concentration may vary from less
than 30 mg/dL (<0.3 g/L) to greater than
1000 mg/dL (>10 g/L). A Gram-stained smear
of CSF permits identification of an organism in
less than half of cases. Even when the result of
the smear is positive, identificationmay be inac-
curate. Rapid detection of bacterial antigens by
immunoelectrophoresis, latex agglutination,
and radioimmunoassays is helpful in the diag-
nosis of several bacterial species.

Management. Start treatment at the first suspi-
cion of sepsis. Laboratory confirmation is not
required. The choice of initial antibiotic cover-
age varies, but usually includes ampicillin and
an aminoglycoside. An alternative regimen is
ampicillin and cefotaxime, but cefotaxime-
resistant strains are emerging rapidly. Identifi-
cation of an organism leads to specific therapy.

Ampicillin and cefotaxime treat E coli, peni-
cillin or ampicillin treats group B streptococ-
cus, and cefotaxime and an aminoglycoside
treat Klebsiella pneumoniae. Pseudomonas is diffi-
cult to eradicate, and combined intravenous
and intrathecal therapy may be required. Car-
benicillin and gentamicin are preferred for
intravenous use.

The duration of treatment for neonatal
meningitis is at least 2 weeks beyond the time
the CSF becomes sterile. Two days after dis-
continuing antibiotic therapy, reculture the
CSF. A positive culture indicates the need for
a second course of therapy. Citrobacter diversus
infections often cause hemorrhagic necrosis
of the brain, with liquefaction of the cerebral
white matter and abscess formation. CT read-
ily identifies the abscesses. Surgical drainage
further damages the overlying preserved cor-
tex and is not recommended.

Mortality is 20% to 30% and is highest for
gram-negative infections. The type of infecting
organism and the gestational age of the infant
are themain variables that determinemortality.
Permanent neurological sequelae, including
hydrocephalus, cerebral palsy, epilepsy, mental
retardation, and deafness, occur in 30% to 50%
of survivors. Even when the head circumference
is normal, exclusion of hydrocephalus requires
CT evaluation.

Meningitis in Infants and Young
Children

For children 6 weeks to 3 months old, group B
streptococcus remains a leading cause of men-
ingitis, and E coli is less common. The other
important organism is Neisseria meningitidis.
Haemophilus influenzae, which had been an
important pathogen after 3 months of age,
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has almost disappeared because of routine
immunization. Streptococcus pneumoniae and N
meningitidis are now the principal causes of
meningitis in children older than 1 month.

Clinical Features. The onset of meningitis may
be insidious or fulminating. The typical clinical
findings include fever, irritability, and neck
stiffness. A bulging fontanelle is a feature in
young infants. After the fontanelle closes, head-
ache, vomiting, and lethargy are initial features.
Seizures occur in approximately one third of
children with meningitis. They usually occur
during the first 24 hours of illness and often
bring the child to medical attention. When sei-
zures occur, the state of consciousness declines.
Seizures can be focal or generalized and are
often difficult to control.

Examination reveals a sick and irritable
child who resists being touched or moved.
Ophthalmoscopic findings are usually normal
or show only minimal papilledema. Focal neu-
rological signs are unusual except in tubercu-
lous meningitis or in cases in which abscess
formation has occurred.

The rapidity with which neurological func-
tion declines depends on the severity of cere-
bral edema and cerebral vasculitis. Death may
ensue from brainstem compression caused by
transtentorial herniation. Peripheral vascular
collapse can result from brainstem herniation,
endotoxic shock, or adrenal failure. Of chil-
dren with meningococcemia, 60% have a char-
acteristic petechial or hemorrhagic rash. The
rash, although generalized, is most prominent
below the waist.

Meningeal irritation causes neck stiffness,
characterized by limited mobility and pain on
attempted flexion of the head. With the child
supine, meningeal irritation is tested. Pain and
resistance to extending the knee with the leg
flexed at the hip are called the Kernig sign.
Spontaneous flexion at the hips when passively
flexing the neck is called the Brudzinski sign.
These signs of meningeal irritation also occur
with subarachnoid hemorrhage and infectious
meningitis.

Diagnosis. Lumbar puncture and examination
of the CSF are essential for the diagnosis of
bacterial meningitis. Because bacterial menin-
gitis is often associated with septicemia, how-
ever, the blood, urine, and nasopharynx are
cultured. The peripheral white blood cell
count, especially immature granulocytes, is
usually increased. Peripheral leukocytosis is
much more common in bacterial than in viral
infections but does not rule out viral
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meningitis. The platelet count is important
because some infections are associated with
thrombocytopenia. Proper evaluation of the
CSF concentration of glucose requires a con-
current measure of the blood glucose concen-
tration. The diagnosis of the syndrome of
inappropriate antidiuretic hormone secretion
requires measurement of serum electrolytes,
especially sodium. This syndrome occurs in
most patients with acute bacterial meningitis.
Every child at risk of tuberculous meningitis
requires a tuberculin skin test.

Perform lumbar puncture as quickly as possi-
ble when bacterial meningitis is suspected. Cra-
nial CT before lumbar puncture has become
routine, but has questionable value and adds
considerably to the cost of care. When the need
for CT scanning significantly delays lumbar
puncture, obtain blood cultures and initiate
antimicrobial therapy. Generalized increased
intracranial pressure is always part of acute bac-
terial meningitis and is not a contraindication
to lumbar puncture.

Information derived from lumbar puncture
includes opening and closing pressures, appear-
ance, white blood cell count with differential
count, red blood cell count, concentrations of
glucose andprotein, and identification ofmicro-
organisms as shown by Gram stain and culture.
The characteristic findings are increased pres-
sure, a cloudy appearance, a cellular response
of several thousand polymorphonuclear leu-
kocytes, a decrease in the concentration of glu-
cose to less than half of that in the plasma, and
an increased protein concentration. The
expected findings of bacterial meningitis may
vary, however, with the organism, the timing
of the lumbar puncture, the previous use of
antibiotics, and the immunocompetence of
the host.

Management. Administer antimicrobials imme-
diately. Do not delay treatment until after
obtaining the results of lumbar puncture. Van-
comycin and a third-generation cephalosporin
are the initial treatment of meningitis. The
final choice awaits the results of culture and
antibiotic sensitivity.

The outcome for infants and children with
bacterial meningitis depends on the infecting
organism and the speed of initiating appropri-
ate antibiotic therapy. Ten percent of children
have persistent bilateral or unilateral hearing
loss after bacterial meningitis, and 4% have
neurological deficits. The incidence of hearing
loss is 31% after infection with S pneumoniae
and 6% after infection with H influenzae.
Hearing loss occurs early and is probably not
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related to the choice of antibiotic. Children
with neurological deficits are at risk of epilepsy.

Meningitis in School-Age Children

S pneumoniae and N meningitidis account for
most cases of bacterial meningitis in previously
healthy school-age children in the United
States, whereas Mycobacterium tuberculosis is a
leading cause of meningitis in economically
deprived populations. The symptoms of bacte-
rial meningitis in school-age children do not
differ substantially from the symptoms encoun-
tered in preschool children (see previous sec-
tions on clinical features and treatment). In
one retrospective study of children treated
for bacterial meningitis in the 1980s, 8.5%
had major neurological deficits (e.g., mental
retardation, seizures, hydrocephalus, cerebral
palsy, blindness, hearing loss), and 18.5% had
learning disabilities (Grimwood et al, 1995).
Vancomycin and a third-generation cephalospo-
rin are recommended.

Special Circumstances

PNEUMOCOCCUS

Conditions associated with pneumococcal men-
ingitis are otitis media, skull fractures, and
sickle cell disease. Children with asplenia and
chronic illnesses require immunization with
Pneumovax. Penicillin G and ampicillin are
equally effective in treating meningitis caused
by penicillin-sensitive strains of S pneumoniae.
The treatment of organisms resistant to penicil-
lin and ceftriaxone is a combination of ceftriax-
one and vancomycin.

MENINGOCOCCUS

Children with complement deficiency or
asplenia require immunization for meningo-
coccus. All household members who may have
had saliva-exchange contact also require pro-
phylaxis for meningococcal meningitis. A 2-
day course of oral rifampin is prescribed,
10 mg/kg every 12 hours for children 1 month
to 12 years old and 5 mg/kg every 12 hours for
infants younger than 1 month old.

TUBERCULOUS MENINGITIS

Worldwide, tuberculosis remains a leading
cause of morbidity and death in children. In
the United States, tuberculosis accounts for
less than 5% of bacterial meningitis cases in
children, but it occurs with a higher frequency
where sanitation is poor. Infection of children
follows inhalation of the organism from
adults. Tuberculosis occurs first in the lungs,
then disseminates to other organs within 6
months.

Clinical Features. The peak incidence of tuber-
culous meningitis is between 6 months and
2 years of age. The first symptoms tend to be
more insidious than with other bacterial
meningitides, but they sometimes progress in
a fulminating fashion. Tuberculous meningi-
tis, in contrast to fungal meningitis, is not a
cause of chronic meningitis. If not treated, a
child with tuberculous meningitis dies within
3 to 5 weeks.

Most often, fever develops first, and the
child becomes listless and irritable. Headache
may cause the irritability. Vomiting and abdom-
inal pain are sometimes associated symptoms.
Headache and vomiting become increasingly
frequent and severe. Signs of meningismus
develop during the second week after onset of
fever. Cerebral infarction occurs in 30% to
40% of affected children. Seizures may occur
early, but more often they occur after meningis-
mus is established. Consciousness declines pro-
gressively, and focal neurological deficits are
noted. Most common are cranial neuropathies
and hemipareses. Papilledema occurs relatively
early in the course of the disease.

Diagnosis. Consider the diagnosis of tubercu-
losis in any child with a household contact.
General use of tuberculin skin testing in chil-
dren is crucial to early detection. In the early
stages, children with tuberculous meningitis
may have only fever. The peripheral white
blood cell count generally is elevated
(10,000–20,000 cells/mm3). Hyponatremia
and hypochloremia are frequently present
because of inappropriate secretion of anti-
diuretic hormone. The CSF is usually cloudy
and increased in pressure. The leukocyte count
in the CSFmay range from 10 to 250 cells/mm3

and rarely exceeds 500 cells/mm3.
Lymphocytes predominate. The glucose con-

centration declines throughout the course of
the illness and is generally less than 35 mg/dL
(<1.8 mmol/L). Conversely, the protein con-
centration increases steadily and is usually
greater than 100 mg/dL (>1 g/L).

Smears of CSF stained by the acid-fast
technique generally show the bacillus. Recov-
ery of the organism from the CSF is not always
successful, even when guinea pig inoculation
is used. Newer diagnostic tests include a
polymerase chain reaction technique with
reported sensitivities of 70% to 75% and
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enzyme-linked immunosorbent assay and
radioimmunoassay tests for antimycobacterial
antigens in the CSF.

Management. Early treatment enhances the
prognosis for survival and neurological recov-
ery. A positive skin test result is reason to initi-
ate isoniazid therapy in an asymptomatic
child. Complete neurological recovery is
unlikely when the child becomes comatose.
Mortality rates of 20% are recorded even when
treatment is initiated early.

The recommended initial drug regimen for
treatment of tuberculous meningitis in the first
2 months is isoniazid, 20 mg/kg/day orally up
to 500 mg/day; streptomycin, 20 mg/kg/day
intramuscularly up to 1 g/day until establish-
ing drug susceptibility; rifampin, 15 mg/kg/
day orally up to 600 mg/day; and pyrazina-
mide, 30 mg/kg/day. Continue isoniazid and
rifampin therapy for an additional 10 months.
The use of corticosteroids is appropriate to
reduce inflammation and cerebral edema.

Communicating hydrocephalus is a com-
mon complication of tuberculous meningitis
because of impaired reabsorption of CSF.
Periodic CT assessment of ventricular size is
routine and specifically indicated when men-
tal function deteriorates. Before the infection
is controlled, treatment of communicating
hydrocephalus is with repeated lumbar punc-
tures and acetazolamide. Inmany cases, obstruc-
tive hydrocephalus develops later; in these cases,
a surgical shunt is required.

Brain Abscess

The factors commonly predisposing to pyo-
genic brain abscess in children are meningitis,
chronic otitis media, sinusitis, and congenital
heart disease. Brain abscesses in the newborn
are usually the result of meningitis caused by
C diversus and other species of Enterobacteria-
ceae. Pyogenic abscesses in children younger
than 5 months but beyond the neonatal
period are uncommon and usually occur in
children with hydrocephalus and shunt infec-
tion. The organisms most often responsible
are Staphylococcus species. After 5 months of
age, the infecting organisms are diverse, and
many abscesses contain a mixed flora. Coagu-
lase-positive Staphylococcus aureus and anaero-
bic Streptococcus are the organisms most fre-
quently recovered.

Clinical Features. The clinical features of brain
abscess, similar to those of any other space-
occupying lesion, depend on the age of the
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child and the location of the mass. A period
of cerebritis, characterized by fever, headache,
and lethargy, precedes encapsulation of the
abscess. Seizures also may occur, but in the
absence of seizures, the initial symptoms may
not be severe enough to arouse suspicion of
cerebral infection. If the period of cerebritis
is not recognized, the initial clinical manifesta-
tions are the same as those of other mass
lesions. Infants have abnormal head growth,
a bulging fontanelle, failure to thrive, and
sometimes seizures. Older children show signs
of increased intracranial pressure and focal
neurological dysfunction. Fever is present in
only 60% of cases, and meningeal irritation is
relatively uncommon. Based on clinical fea-
tures alone, pyogenic brain abscess is difficult
to separate from other mass lesions, such as
brain tumor. Approximately 80% of abscesses
are in the cerebral hemispheres. Hemiparesis,
hemianopia, and seizures are the usual clinical
features. Cerebellar abscess most often results
from chronic otitis and manifests as nystagmus
and ataxia.

Diagnosis. The combination of headache and
papilledema, with or without focal neurological
dysfunction, suggests the possibility of a mass
lesion and calls for neuroimaging. Most absces-
ses appear on CT as an area of decreased density
surrounded by a rim of intense enhance-
ment, referred to as a ring lesion. This lesion,
although characteristic, is not diagnostic.
Malignant brain tumors may have a similar ap-
pearance. Ring enhancement occurs during
the late stages of cerebritis, just before capsule
formation. After the capsule forms, the diame-
ter of the ring decreases and the center be-
comes more hypodense. Multiple abscesses may
be present.

Management. The development of neuroimag-
ing has altered the management of cerebral
abscess. Previously, surgical drainage was
immediate on diagnosis of abscess formation.
Antimicrobials are the initial therapy now,
even for encapsulated abscesses, with progress
followed with serial scans.

The initial step in treatment is to reduce
brain swelling by the use of corticosteroids.
Follow the steroids with an intravenous anti-
microbial regimen that generally includes a
penicillinase-resistant penicillin, such as methi-
cillin, 300 mg/kg/day, and chloramphenicol,
100 mg/kg/day. This combination is effective
against Staphylococcus and mixed gram-negative
organisms. Identification of a specific organism
by culture of CSF or blood allows specific



Table 4-7 Common Fungal Pathogens

Yeast Forms

Candida
Cryptococcus neoformans

Dimorphic Forms

Blastomyces dermatitidis
Coccidioides immitis
Histoplasma capsulatum

Mold Forms

Aspergillus
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antimicrobial therapy. In general, penicillin G is
preferable to ampicillin for penicillin-sensitive
organisms. If medical therapy does not resolve
the abscess, surgical drainage is necessary. Even
in such cases, prolongedmedical therapy before
surgery increases the success of total excision.

Subdural and Epidural Empyemas

Meningitis in infants and sinusitis in older
children are the most common factors causing
infection in the subdural space. The subdural
space is sterile in children with bacterial men-
ingitis, but contamination may occur when a
subdural tap occurs before sterilizing the sub-
arachnoid space with antibiotics. In older chil-
dren, the usual cause of subdural and epidural
abscesses is by penetrating head injuries or
chronic mastoiditis. Infections of the subdural
space are difficult to contain and may extend
over an entire hemisphere.

Clinical Features. Subdural empyema produces
increased intracranial pressure because of mass
effect, cerebral edema, and vasculitis. Vasculitis
leads to thrombosis of cortical veins, resulting
in focal neurological dysfunction and increased
intracranial pressure. Children with subdural
infections have headache, fever, vomiting, sei-
zures, and states of decreasing consciousness.
Unilateral and alternating hemipareses are
common.

Diagnosis. Suspect subdural empyema in chil-
dren with meningitis whose condition declines
after an initial period of recovery or in chil-
dren who continue to have increased intracra-
nial pressure of uncertain cause. Examination
of the CSF may not be helpful, but the usual
abnormality is a mixed cellular response, gen-
erally fewer than 100 cells/mm3 and with a
lymphocytic predominance. The glucose con-
centration is normal, and the protein concen-
tration is only mildly elevated.

CT is particularly helpful in showing a sub-
dural or epidural abscess. The infected collec-
tion appears as a lens-shaped mass of increased
lucency just beneath the skull. A shift of midline
structures is generally present. In infants, sub-
dural puncture provides an abscess specimen
for identification of the organism. Subdural
puncture also drains much of the abscess.

Management. The treatment of subdural or epi-
dural empyema requires corticosteroids to
decrease intracranial pressure, antimicrobials
to eradicate the organisms, and anticonvulsants
for seizures. Medical therapy and CT tomonitor
progress may replace surgical drainage of sub-
dural empyema in some situations.
Fungal Infections

Fungi exist in two forms: molds and yeasts.
Molds are filamentous and divided into seg-
ments by hyphae. Yeasts are unicellular organ-
isms surrounded by a thick cell wall and
sometimes a capsule. Several fungi exist as yeast
in tissue but are filamentous when grown in cul-
ture. Such fungi are dimorphic. Table 4-7 lists
common fungal pathogens. Fungal infections
of the central nervous system may cause an
acute, subacute, or chronic meningitis; solitary
or multiple abscesses; and granulomas. Fungal
infections of the nervous system are most com-
mon in children who are immunosuppressed,
especially children with leukemia or acidosis.
Fungal infections also occur in immunocompe-
tent children.

Cryptococcus neoformans and Coccidioides immi-
tis are the leading causes of fungal meningitis
in immunocompetent children. Among clini-
cally recognized fungal CNS disease, Cryptococcus
and Candida infections are the most common,
followed by Coccidioides, Aspergillus, and Zygomy-
cetes. Other fungi rarely involve the central ner-
vous system.

Candidal Meningoencephalitis

Candida is a common inhabitant of the mouth,
vagina, and intestinal tract. Ordinarily it causes
no symptoms; however, Candida can multiply
and become an important pathogen in im-
munosuppressed children taking multiple anti-
biotics, children with debilitating diseases,
transplant recipients, and critically ill neonates
undergoing treatment with long-term vascular
catheters. The most common sites of infection
are themouth (thrush), skin, and vagina. Candi-
dal meningitis is almost unheard of in healthy,
nonhospitalized children.
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Table 4-8 Dosing Schedule for
Amphotericin B

Administer amphotericin B first intravenously in a
single test dose of 0.1 mg/kg (not to exceed 1 mg)
over at least 20 minutes to assess the child’s
temperature and blood pressure responses.

If the response is acceptable, administer the first
therapeutic dose of 0.25 mg/kg over 2 hours on the
same day as the test dose.

Increase the dose in daily increments of 0.1–0.25mg/kg,
depending on the severity of infection, until achieving
the daily maintenance dose of 1 mg/kg.

In life-threatening situations, use daily doses of
1.25–1.5 mg/kg.
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Clinical Features. Candida reaches the brain
and other organs by vascular dissemination.
The brain is involved less often than other
organs, and fever, lethargy, and vomiting are
the prominent features. Hepatosplenomegaly
and arthritis may be present.

Cerebral involvement can be in the form of
meningitis, abscess formation, or both. The
clinical features of meningoencephalitis are
fever, vomiting, meningismus, papilledema,
and seizures leading to states of decreased
consciousness. In some individuals, a single
large cerebral abscess forms that causes focal
neurological dysfunction and papilledema.

Diagnosis. Suspect cerebral Candida infection
when unexplained fever develops in children
with risk factors for disseminated disease.
The organism can be isolated from blood,
joint effusion fluid, or CSF. When meningitis
is present, a predominantly neutrophilic
response is present in the CSF associated with
a protein concentration that is generally
100 mg/dL (1 g/L). The decrease in the glu-
cose concentration is small. Children who
have a candidal abscess rather than meningitis
are likely to have normal or near-normal CSF.
CT reveals a mass lesion resembling a pyo-
genic abscess or tumor.

Management. When candidal infection devel-
ops in a child because of an indwelling vascu-
lar catheter, remove the catheter. Treat with
amphotericin B and flucytosine, which have a
synergistic effect. Doses are the same as for
other fungal infections; administer the drugs
for 6 to 12 weeks, depending on the efficacy
of therapy and the presence of adverse
reactions.

Coccidioidomycosis

C immitis is endemic in the San Joaquin Valley
of California and all southwestern states. Inha-
lation is the route of infection, and almost
90% of individuals become infected within 10
years of moving to an endemic area. Only
40% of patients become symptomatic; the
other 60% are positive only by skin test.

Clinical Features. Malaise, fever, cough, myal-
gia, and chest pain follow respiratory infec-
tion. The pulmonary infection is self-limited.
The incidence of fungal dissemination from
the lung to other organs is 1:400. The dissemi-
nation rate is considerably higher in infants
than in older children and adults.
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The usual cause of coccidioidal meningitis
is hematogenous spread from the lung to the
meninges, but sometimes meningitis occurs
by direct extension after infection of the skull.
Symptoms of meningitis develop 2 to 4 weeks
after respiratory symptoms begin. The main
features are headache, apathy, and confusion.
These symptoms may persist for weeks or
months without concurrent seizures, menin-
gismus, or focal neurological disturbances.
If the meningitis becomes chronic, hydroceph-
alus eventually develops because the basilar
meningitis prevents reabsorption of CSF.

Diagnosis. Suspect coccidioidal meningitis in
patients living in endemic areas when head-
ache develops after an acute respiratory infec-
tion. Skin hypersensitivity among individuals
living in an endemic area is not helpful
because a large percentage of the population
is exposed and has a positive skin test result
for the organism. The CSF generally shows
increased pressure, and the lymphocytic cellu-
lar response is 50 to500cells/mm3.Often, eosino-
phils also are present. The protein concentration
ranges from 100 to 500 mg/dL (1–5 g/L), and
the glucose concentration is less than 35 mg/dL
(<1.8 mmol/L).

In C immitis meningitis, CSF culture is often
negative, and serological tests may be more
useful. Complement-fixing antibody titers
greater than 1:32 or 1:64 are significant. In
early infection, serology result is positive in
70% of patients and increases to 100% in later
stages of untreated coccidioidal meningitis.

Management. Amphotericin B is the drug of
choice for coccidioidal meningitis. It must be
administered intravenously (Table 4-8) and
intrathecally. The initial intrathecal dose is
0.1 mg for the first three injections. An
increased dose of 0.25 to 0.5 mg three or four



Chapter 4 Increased Intracranial Pressure
times each week completes the course. Pro-
longed treatment is required, and some clini-
cians recommend weekly intrathecal injections
indefinitely. Adverse reactions to intrathecal
administration include aseptic meningitis and
pain in the back and legs. Miconazole may be
administered intravenously and intrathecally
to patients unable to tolerate high doses of
amphotericin B.

Cryptococcal Meningitis

Birds, especially pigeons, carry C neoformans
and disseminate it widely in soil. Acquisition
of human infection is by inhalation. Dissemi-
nation is blood borne, but the central nervous
system is a favorite target, causing subacute
and chronic meningoencephalitis.

Clinical Features. Cryptococcal meningitis is
uncommon before age 10, and perhaps only
10% of cases occur before age 20. Male infec-
tion rates are greater than female rates. Most
children with cryptococcal meningitis are
immunocompetent.

The first symptoms are usually insidious;
chronic headache is the major feature. The
headache waxes and wanes, but eventually
becomes continuous and associated with nau-
sea, vomiting, and lethargy. Body temperature
may remain normal, especially in older chil-
dren and adults, but younger children often
have low-grade fever. Personality and behav-
ioral changes are relatively common. The
child becomes moody, listless, and sometimes
frankly psychotic. Characteristic features of
increased intracranial pressure are blurred
vision, diplopia, and papilledema. Seizures and
focal neurological dysfunction are not early
features but are signs of vasculitis, hydroceph-
alus, and granuloma formation.

Diagnosis. Even when suspected, the diagnosis
of cryptococcal meningitis fails to be estab-
lished. The CSF may be normal but more
often shows an increased opening pressure
and fewer than 100 cells/mm3 lymphocytes.
The protein concentration is increased, gener-
ally greater than 100 mg/dL (>1 g/L), and
the glucose concentration is less than 40 mg/dL
(<2 mmol/L).

The diagnosis of cryptococcal meningitis
relies on detection of cryptococcal polysaccha-
ride antigen by latex agglutination, demonstra-
tion of the organism in India ink preparations
of CSF, or CSF culture. Approximately 50%
of India ink preparations and 75% of culture
results are positive. The latex agglutination
test for cryptococcal polysaccharide antigen
is sensitive and specific for cryptococcal
infection.

Management. The treatment of choice is intra-
venous amphotericin B (0.3–0.5 mg/kg/day)
combined with oral flucytosine (150 mg/kg/
day) in four divided doses (Sanchez and
Noskin, 1996). Amphotericin B, diluted with
5% dextrose and water in a drug concen-
tration no greater than 1 mg/10 mL of fluid,
constitutes the intravenous solution. Nephro-
toxicity is the limiting factor in achieving
desirable blood levels. Table 4-8 summarizes
the intravenous regimen, which is generally
the same for all fungal infections of the ner-
vous system. The total dose varies with the
response and the side effects, but is usually
1500 to 2000 mg/1.7 m2 of body surface. Con-
tinuous therapy for 4 to 6 weeks is required.

The toxic effects include chills, fever, nau-
sea, and vomiting. Frequent blood counts
and urinalyses monitor for anemia and neph-
rotoxicity. Manifestations of renal impairment
are the appearance of cells or casts in the
urine, an elevated blood concentration of urea
nitrogen, and decreased creatinine clearance.
When renal impairment occurs, discontinue
the drug and restart at a lower dose.

Cytopenia limits the use of flucytosine. Seri-
ously ill patients, treated late in the course of
the disease, also should be given intrathecally
administered amphotericin B and miconazole.
A decrease in the agglutination titer in the
CSF indicates therapeutic efficacy. Periodic
cranial CT scans monitor for the development
of hydrocephalus.
Other Fungal Infections

Histoplasmosis is endemic in the central
United States and causes pulmonary infection.
Miliary spread is unusual. Neurological histo-
plasmosis may take the form of leptomeningi-
tis, focal abscess, or multiple granulomas.
Blastomycosis is primarily a disease of North
America. Hematogenous spread from the
lungs infects the brain. Multiple abscesses
form, which give the appearance of metastatic
disease on CT. The cellular response in the
CSF is markedly increased when fungi pro-
duce meningitis and may be normal or only
mildly increased with abscess formation.
Amphotericin B is the mainstay of therapy for
fungal infections; the combination of itracona-
zole and amphotericin B treats Histoplasma
capsulatum.
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IDIOPATHIC INTRACRANIAL
HYPERTENSION
(PSEUDOTUMOR CEREBRI)

IIH characterizes a syndrome of increased
intracranial pressure, normal CSF content,
and a normal brain with normal or small ven-
tricles on brain imaging studies. IIH may have
an identifiable underlying cause or may be
idiopathic. Identification of a specific cause is
usual in children younger than 6 years old,
whereas most idiopathic cases occur after age
11. Table 4-9 lists some causes of IIH. An
established cause-and-effect relationship is
uncertain in many of these conditions. The
most frequent causes are otitis media, head
trauma, the use of certain drugs and vitamins,
and feeding after malnutrition.

Clinical Features. Patients with IIH have head-
aches that are diffuse and worse at night and
that often wake them from sleep in the early
hours of themorning. Suddenmovements, such
as coughing, aggravate headache. Headaches
may be present for several months before estab-
lishing a diagnosis. Some patients complain of
Table 4-9 Causes of Idiopathic
Intracranial Hypertension

Drugs

Corticosteroid withdrawal
Nalidixic acid
Oral contraceptives
Tetracycline
Thyroid replacement
Vitamin A

Systemic Disorders

Guillain-Barré syndrome
Iron deficiency anemia
Leukemia
Polycythemia vera
Protein malnutrition
Systemic lupus erythematosus
Vitamin A deficiency
Vitamin D deficiency

Head Trauma

Infections

Otitis media
Sinusitis

Metabolic Disorders

Adrenal insufficiency
Diabetic ketoacidosis (treatment)
Galactosemia
Hyperadrenalism
Hyperthyroidism
Hypoparathyroidism
Pregnancy
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dizziness. Transitory loss of visionmay occur with
change of position. Prolonged papilledemamay
lead to visual loss (Friedman and Jacobson,
2002).

Young children may have only irritability,
somnolence, or apathy. Less common symptoms
are transitory visual obscurations, neck stiffness,
tinnitus, paresthesias, and ataxia. Most children
are not acutely ill, and mental ability is normal.

Neurological examination is normal except
for papilledema and abducens nerve palsy.
Features of focal neurological dysfunction are
lacking. Loss of vision is the main concern.
Untreated IIH may lead to progressive papille-
dema and optic atrophy. Loss of vision may be
rapid and severe. Early diagnosis and treat-
ment are essential to preserve vision.

Diagnosis. IIH is a diagnosis of exclusion.
Brain imaging is required in every child with
headache and papilledema to exclude a mass
lesion or hydrocephalus. The results of imag-
ing studies are usually normal in children with
IIH. In some, the ventricles are small, and nor-
mal sulcal markings are absent. Assess visual
fields, with special attention to the size of the
blind spot, at baseline and after treatment is
initiated. Exclude known underlying causes
of IIH by careful history and physical examina-
tion. Ordinarily, identification of an underlying
cause is easily established.

Management. The goals of therapy are to relieve
headache and preserve vision. A single lumbar
puncture, with the closing pressure decreased
to half of the opening pressure, is sufficient to
reverse the process in many cases. The mecha-
nism by which lumbar puncture is effective is
unknown, but a transitory change in CSF dynam-
ics seems sufficient to readjust the pressure.

The usual treatment of children with IIH is
acetazolamide, 10 mg/kg/day, after the initial
lumbar puncture. Whether the acetazolamide
is an important addition to lumbar puncture is
not clear. If symptoms return, the lumbar punc-
ture is repeated on subsequent days. Some chil-
dren require serial lumbar punctures.

Occasionally, children continue to have in-
creased intracranial pressure and evidence of
progressive optic neuropathy despite the use of
lumbar puncture and acetazolamide. In such
patients, studies should be repeated to look for
a cause other than idiopathic pseudotumor cer-
ebri. If study results are negative, lumboperito-
neal shunt is the usual option to decrease
pressure. Optic nerve fenestration relieves papil-
ledema but does not relieve increased intra-
cranial pressure. One proposed technique is
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stenting the venous sinus to decrease pressure
(Higgins et al, 2003). The usefulness of this tech-
nique is not yet established.
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C h a p t e r

5
Psychomotor Retardation
and Regression
The differential diagnosis of psychomotor
retardation (developmental delay) is quite dif-
ferent from that of psychomotor regression.
Slow progress in the attainment of develop-
mental milestones may be caused by either
static (Table 5-1) or progressive (Table 5-2)
encephalopathies. In contrast, the loss of
developmental milestones previously attained
usually indicates a progressive disease of the
nervous system, but may also result from
parental misperception of attained milestones
or by the development of new clinical features
from an established static disorder as the brain
matures (Table 5-3).
Table 5-1 Diagnosis of Developmental
Delay: No Regression

Predominant Speech Delay

Bilateral hippocampal sclerosis
Congenital bilateral perisylvian syndrome

(see Chapter 17)
Hearing impairment (see Chapter 17)
Infantile autism

Predominant Motor Delay

Ataxia (see Chapter 10)
Hemiplegia (see Chapter 11)
Hypotonia (see Chapter 6)
Neuromuscular disorders (see Chapter 7)
Paraplegia (see Chapter 12)

Global Developmental Delay

Cerebral malformations
Chromosomal disturbances
Intrauterine infection
Perinatal disorders
Progressive encephalopathies (see Table 5-2)
DEVELOPMENTAL DELAY

Delayed achievement of developmental mile-
stones is one of the more common problems
evaluated by child neurologists. Two important
questions require answers. Is developmental
delay restricted to specific areas, or is it global?
Is development delayed or regressing?

In infants, the second question is often diffi-
cult to answer. Even in static encephalopathies,
new symptoms such as involuntary movements
and seizures may occur as the child gets older,
and delayed acquisition of milestones without
other neurological deficits is sometimes the ini-
tial feature of progressive disorders. However,
once it is clear that milestones previously
achieved are lost or that focal neurological def-
icits are evolving, a progressive disease of the
nervous system is a consideration.

The Denver Developmental Screening Test
is an efficient and reliable method for assessing
development in the physician’s office. It rapidly
assesses four different components of develop-
ment: personal-social, fine motor adaptive,
language, and gross motor. Several psychomet-
ric tests amplify the results, but the Denver
Developmental Screening Test, in combination
with neurological assessment, provides suffi-
cient information to initiate further diagnostic
studies.
Language Delay

Normal infants and children have a remark-
able facility for acquiring language during
the first decade. Those exposed to two lan-
guages concurrently learn both. Vocalization
of vowels occurs in the first month, and by
5 months, laughing and squealing are estab-
lished. At 6 months, infants begin articulating
consonants, usually M, D, and B. Parents trans-
late these to mean “mama,” “dada,” and “bottle”
or “baby,” although this is not the infant’s
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Table 5-2 Progressive Encephalopathy: Onset before Age 2

Acquired Immunodeficiency Syndrome
Encephalopathy

Disorders of Amino Acid Metabolism

Guanidinoacetate methyltransferase deficiency
Homocystinuria (21q22)
Maple syrup urine disease

Intermediate form
Thiamine-responsive form

Phenylketonuria

Disorders of Lysosomal Enzymes

Ganglioside storage disorders
GM1 gangliosidosis
GM2 gangliosidosis (Tay-Sachs disease, Sandhoff
disease)

Gaucher disease type 2 (glucosylceramide lipidosis)
Globoid cell leukodystrophy (Krabbe disease)
Glycoprotein degradation disorders
I-cell disease
Mucopolysaccharidoses

Type I (Hurler syndrome)
Type III (Sanfilippo syndrome)

Niemann-Pick disease type A (sphingomyelin
lipidosis)

Sulfatase deficiency disorders
Metachromatic leukodystrophy (sulfatide lipidoses)
Multiple sulfatase deficiency

Carbohydrate-Deficient Glycoprotein Syndromes

Hypothyroidism

Mitochondrial Disorders

Alexander disease
Mitochondrial myopathy, encephalopathy, lactic

acidosis, and stroke (see Chapter 11)
Progressive infantile poliodystrophy (Alpers disease)
Subacute necrotizing encephalomyelopathy (Leigh

disease)
Trichopoliodystrophy (Menkes syndrome)

Neurocutaneous Syndromes

Chédiak-Higashi syndrome
Neurofibromatosis
Tuberous sclerosis

Other Disorders of Gray Matter

Infantile ceroid lipofuscinosis (Santavuori-Haltia
disease)

Infantile neuroaxonal dystrophy
Lesch-Nyhan syndrome
Progressive neuronal degeneration with liver disease
Rett syndrome

Other Disorders of White Matter

Aspartoacylase deficiency (Canavan disease)
Galactosemia: transferase deficiency
Hashimoto encephalopathy (thyroiditis)
Neonatal adrenoleukodystrophy (see Chapter 6)
Pelizaeus-Merzbacher disease
Progressive cavitating leukoencephalopathy

Progressive Hydrocephalus
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intention. These first attempts at vowels and con-
sonants are automatic and sometimes occur
even in deaf children. In themonths that follow,
the infant imitates many speech sounds, babbles
and coos, and finally learns the specific use of
“mama” and “dada” by 1 year of age. Receptive
skills are always more highly developed than
expressive skills because language must be
decoded before it is encoded. By 2 years of age,
children have learned to combine at least two
words, understand more than 250 words, and
follow many simple verbal directions.

Developmental disturbances in the lan-
guage cortex of the left hemisphere that occur
before 5 years of age displace language to the
right hemisphere. This does not occur in
older children.
Table 5-3 Causes of Apparent Regression
in Static Encephalopathy

Increasing spasticity (usually during the first year)
New-onset movement disorders (usually during the

second year)
New-onset seizures
Parental misperception of attained milestones
Progressive hydrocephalus
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Autistic Spectrum Disorders

Infantile autism is not a single disorder, but
rather many different disorders described by a
broad behavioral phenotype that has a final
common pathway of atypical development
(Volkmar et al, 2005). The terms autistic spec-
trum disorders and pervasive developmental disorders
are used to classify the spectrum of behavioral
consequences. Asperger disorder represents
the high-functioning end of the autistic spec-
trum disorders. Many different gene loci are
identifiable, some or all of which contribute
to the phenotype (Schellenberg et al, 2006).
The broad autism phenotype includes indivi-
duals with some symptoms of autism who do
not meet the full criteria for autism or other
disorders.

Autism has become an increasingly popular
diagnosis. An apparent increasing incidence of
diagnosis suggests to some an environmental
factor. However, data do not confirm the notion
of an autism epidemic nor causation by any
environmental factor. Most biological studies
indicate genetic or other prenatal factors.

Clinical Features. The major diagnostic criteria
are impaired sociability, impaired verbal and
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nonverbal communication skills, and restricted
activities and interests (Rapin, 2002). Failure of
language development is the featuremost likely
to bring autistic infants to medical attention
and correlates best with the outcome; children
who fail to develop language before age 5 have
the worst outcome. The IQ is less than 70 in
most children with autism. Some autistic chil-
dren show no affection to their parents or other
care providers, whereas others are affectionate
on their own terms. Autistic children do not
show normal play activity; some have a morbid
preoccupation with spinning objects, stereo-
typed behaviors such as rocking and spinning,
and relative insensitivity to pain. An increased
incidence of epilepsy in autistic children is
probable.

Diagnosis. Infantile autism is a clinical diagno-
sis and not confirmable by laboratory tests.
Infants with profound hearing impairment
may display autistic behavior, and tests of
hearing are diagnostic. Electroencephalogra-
phy is indicated when seizures are suspected.

Management. Autism is not curable, but several
drugs may be useful to control specific behav-
ioral disturbances. Behavior modification tech-
niques improve some aspects of the severely
aberrant behavior. However, despite the best
program of treatment, these children function
in a moderately to severely retarded range,
even though some individuals have islands of
normal or extraordinary ability (idiot savant).

Bilateral Hippocampal Sclerosis

Both bilateral hippocampal sclerosis and con-
genital bilateral perisylvian syndrome cause a pro-
found impairment of language development.
The former also causes failure of cognitive
capacity that mimics infantile autism; the latter
causes a pseudobulbar palsy (see Chapter 17).
Infants with medial bilateral hippocampal scle-
rosis generally come to medical attention for
refractory seizures. However, the syndrome
emphasizes that the integrity of one medial
hippocampal gyrus is imperative for language
development.

Hearing Impairment

The major cause of isolated delay in speech
development is a hearing impairment (see
Chapter 17). Hearing loss may occur concom-
itantly with global developmental retardation,
as in rubella embryopathy, cytomegalic inclu-
sion disease, neonatal meningitis, kernicterus,
and several genetic disorders. Hearing loss
need not be profound; it can be insidious,
yet delay speech development. The loss of
high-frequency tones, inherent in telephone
conversation, prevents the clear distinction of
many consonants that we learn to fill in
through experience; infants do not have expe-
rience in supplying missing sounds.

The hearing of any infant with isolated
delay in speech development requires audio-
metric testing. Crude testing in the office by
slamming objects and ringing bells is inade-
quate. Hearing loss is suspect in children with
global retardation caused by disorders ordi-
narily associated with hearing loss or in
retarded children who fail to imitate sounds.
Other clues to hearing loss in children are
excessive gesturing and staring at the lips of
people who are talking.
Delayed Motor Development

Infants with delayed gross motor development
but normal language and social skills are often
hypotonic and may have a neuromuscular dis-
ease (see Chapter 6). Isolated delay in motor
function is also caused by ataxia (see Chapter
10), mild hemiplegia (see Chapter 11), and
mild paraplegia (see Chapter 12). Many such
children have a mild form of cerebral palsy,
sufficient to delay the achievement of motor
milestones but not severe enough to cause a
recognizable disturbance in cognitive function
during infancy. The detection of mild distur-
bances in cognitive function more often
occurs when the child enters school.
Global Developmental Delay

Most infants with global developmental delay
have a static encephalopathy caused by an
antenatal or perinatal disturbance. However,
1% of infants with developmental delay and
no evidence of regression have an inborn
error of metabolism and 3.5% to 10% have a
chromosomal disorder (Shevell et al, 2003).
An exhaustive search for an underlying cause
in every infant whose development is slow
but not regressing is not cost-effective. Factors
that increase the likelihood of finding a pro-
gressive disease are an affected family member,
parental consanguinity, organomegaly, and
absent tendon reflexes. Unenhanced cranial
magnetic resonance imaging (MRI) and chro-
mosome analysis are reasonable screening
studies in all infants with global developmental
121



Table 5-5 Selected Autosomal Syndromes*

Defect Features

5p monosomy Characteristic cri du chat cry
Moonlike face
Hypertelorism
Microcephaly

10p trisomy Dolichocephaly
Turtle’s beak
Osteoarticular anomalies

Partial 12p
monosomy

Microcephaly
Narrow forehead
Pointed nose
Micrognathia

18 trisomy Pointed ears
Micrognathia
Occipital protuberance
Narrow pelvis
Rocker-bottom feet

21 trisomy Hypotonia
Round, flat (mongoloid) facies
Brushfield spots
Flat nape of neck

*Growth retardation and mental retardation are features
of all autosomal chromosome disorders.
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delay. MRI often detects a malformation or
other evidence of prenatal disease and pro-
vides a diagnosis that ends the uncertainty.

Chromosomal Disturbances

Abnormalities in chromosome structure or
number are the single most common cause
of severe mental retardation, but they still are
only one third of the total. Abnormalities of
autosomal chromosomes are always associated
with infantile hypotonia (see Chapter 6). In
addition, multiple minor face and limb
abnormalities are usually associated features.
These abnormalities in themselves are com-
mon, but they assume diagnostic significance
in combination. Table 5-4 summarizes the
clinical features that suggest chromosomal
aberrations and Table 5-5 lists some of the
more common chromosome syndromes.

FRAGILE X SYNDROME

Fragile X syndrome is the most common chro-
mosomal cause of mental retardation. Its prev-
alence in males is approximately 20:100,000.
The name derives from a fragile site (constric-
tion) detectable in folate-free culture medium
at the Xq 27 location. The unstable fragment
contains a trinucleotide repeat in the FMR1
gene that becomes larger in successive genera-
tions (DNA amplification), causing more severe
phenotypic expression. A decrease in the
repeat size to normal may also occur. Because
Table 5-4 Clinical Indications
for Chromosome Analysis

Genitourinary

Ambiguous genitalia
Polycystic kidney

Head and Neck

High nasal bridge
Hypertelorism or hypotelorism
Microphthalmia
Mongoloid slant (in non-Asians)
Occipital scalp defect
Small mandible
Small or fish mouth (hard to open)
Small or low-set ears
Upward slant of eyes
Webbed neck

Limbs

Abnormal dermatoglyphics
Low-set thumb
Overlapping fingers
Polydactyly
Radial hypoplasia
Rocker-bottom feet
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FMR1 mutations are complex and may involve
several gene-disrupting alterations, abnormal
individuals may show atypical presentations
with an IQ above 70 (Saul and Tarleton,
2007).

Clinical Features. Males with a complete phe-
notype have a characteristic appearance (large
head, long face, prominent forehead and
chin, protruding ears), connective tissue find-
ings (joint laxity), and large testes after
puberty. Behavioral abnormalities, sometimes
including autistic spectrum disorder, are com-
mon. The phenotypic features of males with
full mutations vary in relation to puberty. Pre-
pubertal males grow normally but have an
occipitofrontal head circumference larger
than the 50th percentile. Achievement of
motor and speech milestones occurs late and
temperament is abnormal, sometimes suggest-
ing autism. Other physical features that
become more obvious after puberty include a
long face, prominent forehead, large ears,
prominent jaw, and large genitalia.

The phenotype of females depends on both
the nature of the FMR1 mutation and random
X chromosome inactivation. Approximately
50% of females who inherit a full fragile X
mutation are mentally retarded but are usually
less severely affected than males with a full
mutation. Approximately 20% of males with a
fragile X chromosome are normal, whereas
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30% of carrier females are mildly affected. An
asymptomatic male can pass the abnormal
chromosome to his daughters, who are usually
asymptomatic as well. The daughter’s children,
both male and female, may be symptomatic.

Diagnosis. DNA-based testing has replaced the
use of chromosome analysis using modified
culture techniques to induce fragile sites (Saul
and Tarleton, 2007). Molecular genetic testing
is now the standard used for diagnosis.

Management. Treatment consists of pharmaco-
logical management of behavioral problems
and educational intervention.

Cerebral Malformations

Approximately 3% of all children have at least
one major malformation, but the responsible
etiological factors are identifiable in only 20%
of cases. Many intrauterine diseases cause
destructive changes that cause malformation
of the developing brain. The exposure of an
embryo to infectious or toxic agents during
the first weeks after conception can disorganize
the delicate sequencing of neural development
at a time when the brain is incapable of generat-
ing a cellular response. Alcohol, lead, prescrip-
tion drugs, and substances of abuse are factors
in the production of cerebral malformations.
Although a cause-and-effect relationship is diffi-
cult to establish in any individual, maternal
cocaine use is probably responsible for vascular
insufficiency and infarction of many organs,
including the brain.

Suspect a cerebral malformation in any
retarded child who is dysmorphic, has malfor-
mations of other organs, or has an abnormal-
ity of head size and shape (see Chapter 18).
Non-contrast-enhanced computed tomogra-
phy is satisfactory to show major malforma-
tions, but MRI is the better method to show
migrational defects and is more cost-effective
for diagnosis of malformations.
Intrauterine Infections

The most common intrauterine infections are
human immunodeficiency virus (HIV) and
cytomegalovirus. HIV infection can occur in
utero, but acquisition of most infections occurs
perinatally. Infected infants are asymptomatic
in the newborn period and later develop
progressive disease of the brain (discussed in
the section on progressive encephalopathies).
Rubella embryopathy has almost disappeared
because of mass immunization, but reappears
when immunization rates decrease.

CONGENITAL SYPHILIS

The number of reported cases of congenital
syphilis has increased since 1988, partly
because of an actual increase in case number
but also because the case definition has broad-
ened. By the current definition, all stillborn
infants and live infants born to a woman with
a history of untreated or inadequately treated
syphilis have congenital syphilis.

Clinical Features. Infection of the fetus is trans-
placental. Two thirds of infected newborns are
asymptomatic and are identified only on
screening tests. The more common features in
symptomatic newborns and infants are hepato-
splenomegaly, periostitis or osteochondritis,
pneumonia (pneumonia alba), persistent rhi-
norrhea (sniffles), and a maculopapular rash
that can involve the palms and soles. If left
untreated, the classic stigmata of Hutchinson
teeth, saddle nose, interstitial keratitis, saber
shins, mental retardation, hearing loss, and
hydrocephalus develop.

The onset of neurological disturbances is
usually after age 2 years and includes eighth
nerve deafness and mental retardation. The
combination of nerve deafness, interstitial ker-
atitis, and peg-shaped upper incisors is the
Hutchinson triad.

Diagnosis. Themother of every newborn should
have serologic testing to exclude syphilis infec-
tion before discharge from the nursery. Non-
treponemal antibody tests (Venereal Disease
Research Laboratory) and rapid plasma reagin
card tests are screening tests, and the fluorescent
treponemal antibody test absorbed with nonpal-
lidum treponemas is confirmatory. Suspect con-
comitant HIV infection in every child with
congenital syphilis.

Management. Consultation with an infectious
disease specialist is beneficial in all children sus-
pected of having congenital syphilis. Treatment
typically consists of intravenous aqueous peni-
cillin G at a dose of 50,000 U/kg every 12 hours
for the first 7 days of life, then every 8 hours
thereafter, for a total of 10 days. Alternatively,
administer procaine penicillin G intramuscu-
larly at a dose of 50,000 U/kg/day for 10 days.

CYTOMEGALIC INCLUSION DISEASE

Cytomegalovirus (CMV) is a member of the
herpesvirus group and produces a chronic
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infection characterized by long periods of
latency punctuated by intervals of reactivation.
CMV is the most common congenital viral
infection (1%–2% of all live births) and results
from either primary maternal infection or
reactivation of the virus in the mother. Preg-
nancy may cause reactivation of maternal
infection. Risks to the fetus are greatest during
the first half of gestation. Fortunately, less
than 0.05% of newborns with viruria have
symptoms of cytomegalic inclusion disease.

Clinical Features. Less than 10% of infected
newborns are symptomatic. Clinical manifesta-
tions include intrauterine growth retardation,
jaundice, petechiae/purpura, hepatosplenome-
galy, microcephaly, hydrocephaly, intracerebral
calcifications, glaucoma, and chorioretinitis.
Except for the brain, most organ involvement is
self-limited.

Migrational defects (lissencephaly, polymi-
crogyria, and cerebellar agenesis) are the
main consequence of fetal infection during
the first trimester. Some infants have micro-
cephaly secondary to intrauterine infection
without evidence of systemic infection at birth.

Diagnosis. The virus must be isolated within
the first 2 to 3 weeks of life to confirm congen-
ital infection. Afterward, virus shedding no
longer differentiates congenital from postna-
tal infection. Although CMV can be isolated
from many sites, urine and saliva are preferred
samples for congenital CMV infection because
of their viral content. For these samples, a shell
vial technique using monoclonal antibodies
to detect CMV early antigens in inoculated
fibroblasts grown on cover slips after centrifu-
gation is diagnostic. Polymerase chain reaction
or in situ hybridization of tissues and fluids
to detect CMV DNA is available in specialized
laboratories. Infected newborns should be
isolated from women of child-bearing age.

In infants with developmental delay and
microcephaly, establishing the diagnosis of
cytomegalic inclusion disease is by serological
demonstration of previous infection and a
consistent pattern of intracranial calcification.

Management. Much of the brain damage from
congenital CMV occurs in utero and is not
influenced by postnatal treatment. The anti-
viral agents currently approved for CMV treat-
ment are ganciclovir (and its prodrug
valganciclovir), foscarnet, and cidofovir. The
risk-benefit ratio of these agents in treating
congenital CMV infection is uncertain.
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CONGENITAL LYMPHOCYTIC
CHORIOMENINGITIS

Clinical Features. The lymphocytic choriomen-
ingitis virus (LCMV) causes minor respiratory
symptoms when inhaled postnatally, but prena-
tal infection causes severe brain malformation
(Bonthius et al, 2007). Because the virus targets
the developing brain, all infected children have
retinal injury and brain malformations.

The most commonly described congenital
anomalies are chorioretinopathy, macroceph-
aly, and microcephaly. LCMV is a common
cause of hydrocephalus. As many as one third
of newborns with hydrocephalus have serologi-
cal results positive for LCMV, and, conversely,
almost 90% of children with serologically con-
firmed perinatal infection with LCMV have
hydrocephalus. Almost 40% have hydrocepha-
lus at birth; the remainder develop it over the
first 3 months of age. Blindness and psychomo-
tor retardation are potential long-term compli-
cations. Outcome severity depends on the
timing of infection; early infection produces
worse outcomes.

Diagnosis. Imaging of the brain reveals major
malformations. Viral cultures of cerebrospinal
fluid (CSF), blood, and urine are diagnostic.
Immunofluorescent antibody tests or enzyme-
linked immunosorbent assays are currently
available for serum and CSF. Polymerase chain
reaction for detection of LCMV RNA may be
available in the near future.

Management. Much of the brain damage from
congenital LCMV occurs in utero and is not
influenced by postnatal treatment.

RUBELLA EMBRYOPATHY

The rubella virus is a small, enveloped RNA
virus with worldwide distribution and is
responsible for an endemic mild exanthema-
tous disease of childhood (German measles).
Major epidemics, in which significant num-
bers of adults are exposed and infected, had
occurred every 9 to 10 years in both the
United States and the United Kingdom. How-
ever, the incidence of rubella embryopathy in
the United States has steadily decreased with
the introduction of the rubella vaccine.

Clinical Features. Rubella embryopathy is a
multisystem disease characterized by intrauter-
ine growth retardation, cataracts, chorioretini-
tis, congenital heart disease, sensorineural
deafness, hepatosplenomegaly, jaundice, ane-
mia, thrombocytopenia, and rash. Eighty per-
cent of children with a congenital rubella
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syndrome have nervous system involvement.
The neurological features are bulging fonta-
nelle, lethargy, hypotonia, and seizures. Sei-
zure onset is from birth to 3 months of age.

Diagnosis. To provide accurate counseling,
make every effort to confirm rubella infection
in the exposed pregnant woman. Virus isola-
tion is complicated, and the diagnosis is estab-
lished best by documenting rubella-specific
IgM antibody in addition to a fourfold or
greater increase in rubella-specific IgG.

Management. No treatment is available for
active infection in the newborn.

TOXOPLASMOSIS

Toxoplasma gondii is a protozoan estimated to
infect 1 in l000 live births in the United States
each year. The symptoms of toxoplasmosis infec-
tion in the mother usually go unnoticed. Trans-
placental transmission of toxoplasmosis is
possible in situations of primary maternal infec-
tion during pregnancy or in immunocompro-
mised mothers who have chronic or recurrent
infection. The rate of placental transmission is
highest during the last trimester, but fetuses
infected at that time are least likely to have symp-
toms later on. The transmission rate is lowest
during the first trimester, but fetuses infected
at that time have the most serious sequelae.

Clinical Features. One fourth of infected new-
borns have multisystem involvement (fever,
rash, hepatosplenomegaly, jaundice, and throm-
bocytopenia) at birth. Neurological dysfunction
is manifest as seizures, altered states of con-
sciousness, and increased intracranial pressure.
The triad of hydrocephalus, chorioretinitis,
and intracranial calcification is the hallmark
of congenital toxoplasmosis in older child-
ren. Approximately 8% of infected newborns,
who are asymptomatic at birth, later show
neurological sequelae, especially psychomotor
retardation.

Diagnosis. Detection of the organism, using
commercially available serological techniques,
is diagnostic. Presume that any patient with
positive IgG and IgM titers is recently infected.
In the United States, the Toxoplasma Serology
Laboratory of the Palo Alto Medical Founda-
tion Research Institute offers confirmatory
serological and polymerase chain reaction test-
ing and methods for isolation of the organism.
In addition, medical consultants are available
for interpretation of test results and advice
on management.
The presence of positive or increasing IgM
and IgG titers confirms acute T gondii infection
in a pregnant woman. Detection of T gondii
DNA in amniotic fluid by polymerase chain reac-
tion is less invasive andmore sensitive than isolat-
ing parasites from fetal blood or amniotic fluid.
Serial fetal ultrasonographic examinations moni-
tor for ventricular enlargement andother signs of
fetal infection. In older children, the diagnosis
requires not only serological evidence of previous
infection but also compatible clinical features.

Management. A combined prenatal and postna-
tal treatment program for congenital toxoplas-
mosis can reduce the neurological morbidity.
When seroconversion indicates acute maternal
infection, fetal blood and amniotic fluid are
cultured and fetal blood is tested for Toxo-
plasma-specific IgM. The mother requires only
spiramycin treatment unless proven fetal infec-
tion exists; then pyrimethamine and sulfadox-
ine are required. In newborns with clinical
evidence of toxoplasmosis, administer pyrimeth-
amine (Daraprim) and sulfadiazine for 1 year.
Because pyrimethamine is a folic acid antago-
nist, administer leucovorin during therapy and
for 1 week after termination of treatment.
Routine monitoring of the peripheral platelet
count is required. Newborns with a high protein
concentration in the CSF or chorioretinitis also
require prednisone, 1 to 2 mg/kg/day. The
optimal duration of therapy for congenital toxo-
plasmosis is unknown, but 1 year is the rule.
Because of the high likelihood of fetal damage,
termination of pregnancy is frequently recom-
mended if T gondii infection is confirmed and
infection is thought to have occurred at less
than 16 weeks of gestation or if the fetus shows
evidence of hydrocephalus.

Perinatal Disorders

Perinatal infection, asphyxia, maternal drug
use, and trauma are the main perinatal events
that cause psychomotor retardation (see
Chapter 1). The important infectious diseases
are bacterial meningitis (see Chapter 4) and
herpes encephalitis (see Chapter 1). Although
the overall mortality rate for bacterial menin-
gitis is now less than 50%, half of survivors
show significant neurological disturbances
almost immediately. Mental and motor disabil-
ities, hydrocephalus, epilepsy, deafness, and
visual loss are the most common sequelae. Psy-
chomotor retardation may be the only or the
most prominent sequelae. Progressive mental
deterioration can occur if meningitis causes a
secondary hydrocephalus.
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Table 5-6 Progressive Encephalopathy:
Onset after Age 2

Disorders of Lysosomal Enzymes

Gaucher disease type 3 (glucosylceramide lipidosis)
Globoid cell leukodystrophy (late-onset Krabbe

disease)
Glycoprotein degradation disorders

Aspartylglycosaminuria
Mannosidosis type II

GM2 gangliosidosis (juvenile Tay-Sachs disease)
Metachromatic leukodystrophy (late-onset sulfatide

lipidoses)
Mucopolysaccharidoses types II and VII
Niemann-Pick disease type C (sphingomyelin

lipidosis)

Infectious Disease

Acquired immunodeficiency syndrome
encephalopathy

Congenital syphilis
Subacute sclerosing panencephalitis

Other Disorders of Gray Matter

Ceroid lipofuscinosis
Juvenile
Late infantile (Bielschowsky-Jansky disease)

Huntington disease
Mitochondrial disorders

Late-onset poliodystrophy
Myoclonic epilepsy and ragged-red fibers

Progressive neuronal degeneration with liver disease
Xeroderma pigmentosum

Other Disorders of White Matter

Adrenoleukodystrophy
Alexander disease
Cerebrotendinous xanthomatosis
Progressive cavitating leukoencephalopathy
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Telling Parents Bad News

It is not possible to make bad news sound good
or even half-bad. The goal of telling parents that
their child will have a neurological impairment
or mental retardation is that they hear and
understand what you are saying. The mind must
be prepared to hear bad news. It is a mistake to
tell people more than they are ready to accept.
Too often, parents bring their child for a second
opinion because previous doctors “didn’t tell us
anything.” In fact, they said too much too fast
and the parents tuned out.

My goal for the first visit is to establish that the
child’s development is not normal (not a normal
variation), that something is wrong with the
brain, and that I share the parents’ concern. I
order imaging of the brain, usuallyMRI, in every
developmentally delayed child.When the results
are abnormal, review the MRI findings with the
parents to help their understanding of the prob-
lem. Unfortunately, many mothers come alone
for this critical visit and must later restate your
comments to doubting fathers and grandpar-
ents. Most parents cannot handlemore informa-
tion than “the child is not normal” at the first
consultation, and further discussion awaits a
later visit. However, always answer probing ques-
tions fully. Parentsmust never lose confidence in
your willingness to be forthright. The timing of
the next visit depends on the age of the child
and the severity of the retardation. The more
the child falls behind in reaching developmental
milestones, the more ready parents will be to
accept the diagnosis of mental retardation.

When the time comes to tell a mother that
her child is retarded, it is not helpful to
describe mental retardation as mild, moder-
ate, or severe. Parents want to know what the
child will be able to do. Will he or she walk,
need special schools, and be able to live alone?
The next question is “What can I do to help
my child?” Direct them to programs that pro-
vide developmental specialists and other par-
ents who can help them learn how to live
with a chronic handicapping disorder and
gain access to community resources.
PROGRESSIVE
ENCEPHALOPATHIES WITH
ONSET BEFORE AGE 2 YEARS

The differential diagnosis of progressive diseases
of the nervous system that start before 2 years of
age is somewhat different from those that begin
during childhood (Table 5-6). The history and
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physical examination must answer three ques-
tions before initiating laboratory diagnosis:

1. Is only the central nervous system
involved, or are other organs involved?
Other organ involvement suggests lyso-
somal, peroxisomal, and mitochondrial
disorders.

2. Are the clinical features referable only
to the central nervous system or to both
the central and peripheral nervous sys-
tems? Nerve or muscle involvement
suggests mainly lysosomal and mitochon-
drial disorders.

3. Does the disease affect primarily the gray
matter or the white matter?

Early features of gray matter disease are
personality change, seizures, and dementia.
Characteristics of white matter disease are
focal neurological deficits, spasticity, and blind-
ness. Whether the process begins in the gray
matter or the white matter, eventually clinical
features of dysfunction develop in both. The



Figure 5-1 Krabbe disease.MRI reveals extensive
demyelination of cerebral hemispheres.
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electroencephalogram (EEG) is usually abnor-
mal early in the course of gray matter disease
and late in the course of white matter disease.
MRI shows cortical atrophy in gray matter dis-
ease and cerebral demyelination in white mater
disease (Fig. 5-1). Visual evoked responses and
motor conduction velocities are useful in doc-
umenting demyelination, even subclinical, in
the optic and peripheral nerves, respectively.
Acquired Immunodeficiency
Syndrome Encephalopathy

Acquired immunodeficiency syndrome (AIDS)
is a human retroviral disease caused by the
lentivirus subfamily now designated as HIV.
HIV is spread in adults by sexual contact, intra-
venous drug use, and blood transfusion. Pediat-
ric AIDS cases result from transplacental or
perinatal transmission of HIV from mothers,
especially those who are intravenous drug users
and prostitutes. Transmission may occur by
breast-feeding. The mother may be asympto-
matic when the child becomes infected.

Clinical Features. Evidence of infection is appar-
ent during the first year in 30% of children
born to AIDS-infected mothers. As a rule, the
outcome is worse when the onset of symptoms
is early, and the rate of progression in the child
relates directly to the severity of disease in the
mother.

Twenty percent of children with HIV pre-
sent with severe symptoms or die in infancy
(Galli et al, 2000). The cause of their poor
prognosis is unknown. The spectrum of neu-
rological and non-neurological manifesta-
tions in HIV-infected children is somewhat
different from that of adults. Hepatospleno-
megaly and bone marrow failure, lymphocytic
interstitial pneumonia, chronic diarrhea and
failure to thrive, acquired microcephaly, cere-
bral vasculopathy, and basal ganglia calci-
fication occur more frequently in children.
Opportunistic infections that represent recru-
descence of previously acquired infections in
adults (e.g., cerebral toxoplasmosis, progres-
sive multifocal leukoencephalopathy) are rare
in infants.

AIDS encephalopathy may be subacute or
indolent and is not necessarily associated with
failure to thrive or opportunistic infections.
The onset of encephalopathy may occur from
2 months to 5 years after exposure to the
virus. Ninety percent of affected infants show
symptoms by 18 months of age. Progressive
loss of developmental milestones, microceph-
aly, dementia, and spasticity characterize the
encephalopathy. Other features, which occur
in less than 50% of children, are ataxia, pseu-
dobulbar palsy, involuntary movement disor-
ders, myoclonus, and seizures. Death usually
occurs a few months after the onset of AIDS
encephalopathy.

Diagnosis. DNA polymerase chain reaction is
the preferred method for the diagnosis of HIV
infection in infants and children younger than
18months of age. It is performed on peripheral
blood mononuclear cells and highly sensitive
and specific by 2 weeks of age. Approximately
30% of infants with HIV infection will have a
positive DNA polymerase chain reaction assay
result by 48 hours, 93% by 2 weeks, and almost
all infants by 1 month of age.

Management. The introduction of routine
maternal treatment with highly active antire-
troviral therapy in 1996 has greatly decreased
the incidence of pediatric AIDS. Combined
treatment with zidovudine (azidothymidine),
didanosine, and nevirapine is well tolerated
and may have sustained efficacy against HIV-1.
Bonemarrow suppression is the only important
evidence of toxicity.
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Disorders of Amino Acid Metabolism

Disorders of amino acid metabolism impair
neuronal function by causing excessive pro-
duction of toxic intermediary metabolites
and reducing the production of neurotrans-
mitters. The clinical syndromes are either an
acute neonatal encephalopathy with seizures
and cerebral edema (see Chapter 1) or mental
retardation and dementia. Some disorders of
amino acid metabolism cause cerebral malfor-
mations, such as agenesis of the corpus callo-
sum. Although the main clinical features of
aminoaciduria are referable to gray matter
dysfunction (mental retardation, seizures),
myelination is often profoundly delayed or
defective.
Dietary amino acids

Methionine

Homocysteine

Folate/B12–
dependent

Cystathionine �–synthase
(CBS) enzyme
(pyridoxine–dependent)

Betaine*

Cystathionine

Cysteine

Figure 5-2 Metabolic disturbance in homocys-
tinuria. Absence of cystathionine b-synthase (cysta-
Guanidinoacetate Methyltransferase
Deficiency

Amidinotransferase converts glycine to guani-
dinoacetate and guanidinoacetate methyltrans-
ferase converts guanidinoacetate to creatine.
Guanidinoacetate methyltransferase deficiency
causes mental retardation, hypotonia, and a
movement disorder (Caldeira et al, 2005).
Transmission is by autosomal recessive inheri-
tance. The gene map locus is 19p13.3. This dis-
order is rare but treatable.

Clinical Features. Affected children appear
normal at birth and may develop normally
during infancy. By the end of the first year,
development fails to progress and hypotonia
is noted. Regression of development follows
and is associated with dyskinesias, dystonia,
and myoclonic jerks.

Diagnosis. MRI reveals marked demyelination
and magnetic resonance spectroscopy shows
creatine depletion and guanidinoacetate phos-
phate accumulation.

Management. Early oral administration of crea-
tine monohydrate significantly prevents and
reverses all symptoms, and late treatment pro-
vides some reduction of abnormal movements.
thionine synthetase) blocks the metabolism of homo-
cysteine, causing the accumulation of homocystine
and methionine. *Alternate pathway with betaine
treatment. (Modified and redrawn from Picker JD,
Levy HL: Homocystinuria caused by cystathionine
beta-synthase deficiency. In GeneClinics: Medical
Genetics Knowledge Base [online database]. Seattle,
University of Washington, March 29, 2006. Available
at: http://www.geneclinics.org.)
Homocystinuria

The main defect responsible for the syn-
drome is almost complete deficiency of the
enzyme cystathionine-b-synthase (Picker and
Levy, 2006). Two variants are recognized, B6-
responsive homocystinuria and B6-nonresponsive
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homocystinuria. B6-responsive homocystinuria is
usually milder than the nonresponsive variant.
Transmission of all forms is by autosomal reces-
sive inheritance. Heterozygotes have partial defi-
ciencies. Cystathionine synthase catalyzes the
condensation of serine and homocysteine to
form cystathionine (Fig. 5-2). When the enzyme
is deficient, the blood and urine concentrations
of homocysteine, homocystine, and methionine
are increased. Newborn screening programs
detect hypermethioninemia.

Clinical Features. Affected individuals appear
normal at birth. Neurological features include
mild to moderate mental retardation, ectopia
lentis, and cerebral thromboembolism. Devel-
opmental delay occurs in half of cases, and
intelligence declines progressively with age in
untreated children. Most will eventually func-
tion in the mildly retarded range. Intelligence
is generally higher in B6-responsive than B6-
nonresponsive homocystinuria.

http://www.geneclinics.org
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High plasma homocysteine concentrations
adversely affect collagen metabolism and are
responsible for intimal thickening of blood
vessel walls, leading to arterial and venous
thromboembolic disease. Cerebral thrombo-
embolism is a life-threatening complication.
Emboli may occur in infancy, but usually
occur in adult life. Young adult heterozygotes
are also at risk. Occlusion of the coronary or
carotid arteries can lead to sudden death or
severe neurological handicap. Thromboembo-
lism is the first clue to the diagnosis in 15% of
cases.

Dislocation of the lens, an almost constant
feature of homocystinuria, typically occurs
between 2 and 10 years of age. Almost all
patients have lens dislocation by age 40. Older
children have osteoporosis, often first affect-
ing the spine and resulting in scoliosis. Many
children are tall and thin, with blond, sparse,
brittle hair and a Marfan syndrome habitus.
This habitus does not develop until middle
or late childhood and serves as a clue to the
diagnosis in less than 40% of cases.

The diagnosis is suspect in any infant with
isolated and unexplained developmental delay
because disease-specific features may not
appear until later childhood. The presence
of either thromboembolism or lens disloca-
tion strongly suggests homocystinuria.

Diagnosis. The biochemical features of homo-
cystinuria are increased concentrations of
plasma homocystine, total homocysteine, and
methionine; increased concentration of urine
homocystine; and reduced cystathionine b-
synthase enzyme activity. Molecular genetic
diagnosis is available.

Prenatal diagnosis is available for fetuses
at risk by measurement of cystathionine b-
synthase enzyme activity assayed in cultured
amniocytes but not in chorionic villi because
this tissue has very low activity of the enzyme.

Management. Challenge all patients with pyri-
doxine (vitamin B6) before starting treatment.
Treat those who are responsive with pyridox-
ine, approximately 200 mg/day. Those who
are not responsive still receive doses of 100
to 200 mg/day. All patients also require a
protein-restricted diet, but B6-nonresponsive
neonates also require frequent metabolic
monitoring. Continue the diet indefinitely.
Identification of disease in newborn screening
yields the best results. Treatment with betaine,
5 to 10 g/day in two divided doses, provides an
alternate remethylation pathway to convert
excess homocysteine to methionine and may
help to prevent thrombosis. Folate and vita-
min B12 optimize the conversion of homocys-
teine to methionine and help to decrease
homocysteine levels.

Maple Syrup Urine Disease
(Intermediate)

The three major branched-chain amino acids
are leucine, isoleucine, and valine. In the
course of their metabolism, they are first trans-
aminated to a-ketoacids and then further
catabolized by oxidative decarboxylation (see
Fig. 1-4). Branched-chain ketoacid dehydro-
genase is the enzyme responsible for oxidative
decarboxylation. Mutations in three different
genes cause maple syrup urine disease. These
genes encode the catalytic components of
the branched-chain a-ketoacid dehydrogenase
complex, which catalyzes the catabolism of
the branched-chain amino acids leucine, iso-
leucine, and valine.

Clinical Features. Deficiency is associated with
several different phenotypes (Strauss et al,
2006). Three recognized clinical phenotypes
are classic, intermittent, and intermediate. An
acute encephalopathy with ketoacidosis char-
acterizes the classic and intermittent forms
(see Chapters l and 10). The levels of dehydro-
genase enzyme activity in the intermediate
and intermittent forms are approximately
the same (5%–40%), whereas activity in the
classic form is zero to 2% of normal.

The onset of the intermediate form is late in
infancy, often in association with a febrile ill-
ness or a large protein intake. In the absence
of vigorous early therapeutic intervention,
moderate mental retardation results. Ataxia
and failure to thrive are common. Infants with
intermediate maple syrup urine disease are
slow in achieving milestones and are hyperac-
tive. As children, they generally function in
the moderately retarded range of intelligence.
Physical development is normal except for
coarse, brittle hair. The urine may have the
odor of maple syrup. Acute mental changes,
seizures, and focal neurological deficits do
not occur.

Some infants with the intermediate form
are thiamine responsive. In such children,
mental retardation is moderate.

Diagnosis. Branched-chain amino acid and
branched-chain ketoacid concentrations are
elevated, although not as high as in the classic
disease. A presumptive diagnosis requires the
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demonstration of branched-chain amino acids
in the urine by a ferric chloride test or the 2,4-
dinitrophenylhydrazine test. Quantitative mea-
surement of blood and urine branched-chain
amino acids and branched-chain ketoacids is
diagnostic.

Treatment. Treatment of maple syrup urine dis-
ease includes dietary leucine restriction, high-
calorie branched-chain amino acid–free formu-
las, and frequentmonitoring. Correct metabolic
decompensation by treating the precipitating
stress and delivering sufficient calories, insulin,
free amino acids, isoleucine, and valine, and, in
some centers, hemodialysis/hemofiltration, to
establish net positive protein accretion.

A protein-restricted diet is the main treatment
of infants with intermediate maple syrup urine
disease. In addition, a trial of thiamine, 100 mg/
day, tests whether the biochemical error is thia-
mine responsive. If 100 mg is not effective, try
daily doses up to l g of thiamine before designat-
ing the condition as thiamine refractory. Brain
edema, a common potential complication of
metabolic decompensation, requires immediate
therapy in an intensive care setting.

Orthotopic liver transplantation is an effec-
tive therapy for classic maple syrup urine dis-
ease. Frequent monitoring of plasma amino
acid concentrations and fetal growth is neces-
sary to avoid essential amino acid deficiencies
during pregnancy.

Phenylketonuria

Phenylketonuria is a disorder of phenylalanine
metabolism caused by partial or total deficiency
of the hepatic enzymephenylalaninehydroxylase
Dihydrobiopterin
biosynthesis
deficiency

Dihydropteridine
reductase deficiency

Dihydropteridine
reductase

Phenylalanine
transaminase

Tetrahydrobiopterin cofactor

Dihydrobiopterin cofactor

Phenylacetic
acid

o-OH Phenylaceti
acid

Epinephrine
Norepinephrine Dopa

Melanin

Thyroxine

Phenylalanine
hydroxylase

Tyrosine

Phenylpyr

Phenylalanine

Protein synthesis

Classic
phenylketonuria
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(Mitchell and Scriver, 2007). Genetic transmis-
sion is autosomal recessive, and occurrence is
approximately l in l6,000 live births. Failure to
hydroxylate phenylalanine to tyrosine leads to
further metabolism by transamination to phenyl-
pyruvic acid (Fig. 5-3). Oxidation of phenylpyru-
vic acid to phenylacetic acid causes a musty odor
in the urine.

The completeness of deficiency produces
three categories of phenylalanine hydroxylase
deficiency; these are classic phenylketon-
uria (PKU), non-PKU hyperphenylalaninemia
(HPA), and variant PKU. In classic PKU, phenyl-
alanine hydroxylase deficiency is complete or
nearly complete. Affected children tolerate less
than 250 to 350 mg of dietary phenylalanine
per day to keep plasma phenylalanine concen-
tration below a safe level of 300 mmol/L
(5 mg/dL). If untreated, plasma phenylalanine
concentrations are greater than 1000 mol/L
and dietary phenylalanine tolerance is less than
500 mg/day. Classic PKU has a high risk of
severely impaired cognitive development.

Childrenwithnon-PKUHPAhave plasma phe-
nylalanine concentrations between 120 mmol/L
and 1000 mmol/L on a normal diet and a lower
risk of impaired cognitive development without
treatment. Variant PKU includes individuals
who do not fit the description for either PKU
or non-PKU HPA.

HPA may also result from the impaired
synthesis or recycling of tetrahydrobiopterin.
Tetrahydrobiopterin is the cofactor in the phe-
nylalanine, tyrosine, and tryptophan hydroxy-
lation reactions. Inheritance of HPA caused by
tetrahydrobiopterin deficiency is as an autoso-
mal recessive trait and accounts for 2% of
patients with HPA.
c Phenyllactic
acid

uvic acid

Figure 5-3 Phenylalanine metab-
olism. Phenylalanine hydroxylase,
dihydropteridine reductase, tetrahy-
drobiopterin, phenylalanine trans-
aminase, tyrosine transaminase.
(From Swaiman KF. Aminoacidopa-
thies and organic acidemias resul-
ting from deficiency of enzyme
activity and transport abnormalities.
In Swaiman FK, Ashwal S, eds.
Pediatric Neurology, ed 3, vol 1,
St. Louis, 1999, Mosby.)
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Clinical Features. Because affected children are
normal at birth, early diagnosis requires compul-
sory mass screening. The screening test detects
HPA, which is not synonymous with PKU
(Table 5-7). Blood phenylalanine and tyrosine
concentrations must be precisely determined
in every newborn detected by the screening test
to differentiate classic PKU from other condi-
tions. In newborns with classic PKU, HPA devel-
ops 48 to 72 hours after initiation of milk
feeding. Blood phenylalanine concentrations
are 20 mg/dL or greater and serum tyrosine
levels are less than 5 mg/dL. When blood phe-
nylalanine concentrations reach 15 mg/dL,
phenylalanine spills over into the urine, and
the addition of ferric chloride solution (5–10
drops of ferric chloride to l mL of urine) pro-
duces a green color.

During the first months, the skin may have a
musty odor because of phenylacetic acid in the
sweat. Developmental delay is sometimes obvi-
ous by the third month and always before the
end of the first year. By the beginning of the
second year, developmental regression is evi-
dent. Behavioral disturbances characterized
by hyperactivity and aggressiveness are com-
mon; focal neurological deficits are unusual.
Approximately 25% of affected infants have
seizures. Some have infantile spasms and hyp-
sarrhythmia; others have tonic-clonic seizures.
Infants with PKU frequently have blond hair,
pale skin, and blue eyes owing to diminished
pigment production. Eczema is common. These
skin changes are the only non-neurological fea-
tures of PKU.
Table 5-7 Differential Diagnosis
of Hyperphenylalaninemia

Classic Phenylketonuria

Complete hydroxylase deficiency (0%–6%)

Benign Variants

Other
Partial hydroxylase deficiency (6%–30%)
Phenylalanine transaminase deficiency
Transitory hydroxylase deficiency

Malignant Variants

Dihydropteridine reductase deficiency
Tetrahydrobiopterin synthesis deficiency

Tyrosinemia

Transitory tyrosinemia
Tyrosinosis

Liver Disease

Galactose 1-phosphate uridylyl transferase deficiency
Diagnosis. Newborn screening detects all cases
of PKU. The screening test detects the pres-
ence of HPA. Plasma phenylalanine concen-
trations greater than 1000 mmol/L in the
untreated state are diagnostic. The use of
molecular genetic testing is primarily for
genetic counseling and prenatal testing. Blood
phenylalanine levels less than 25 mg/dL and a
normal concentration of tyrosine characterize
benign variants of PKU. Disturbances in tetra-
hydrobiopterin underlie the malignant forms
of PKU. Seizures are the initial symptom, and
mental retardation and motor deficits come
later. Progressive calcification of the basal
ganglia occurs in untreated children.

Transitory tyrosinemia occurs in 2% of full-
term newborns and in 25% of premature new-
borns. The cause is a transitory deficiency of
the enzyme p-hydroxyphenylpyruvic acid. It is
a benign condition and can be distinguished
from PKU because the blood concentrations of
both tyrosine and phenylalanine are increased.

Management. In classic PKU, initiate a low-pro-
tein diet and use a phenylalanine-free medical
formula as soon as possible after birth to
achieve plasma phenylalanine concentrations
of 120 to 360 mol/L (2–6 mg/dL) or 40 to
240 mmol/L (1–4 mg/dL). Dietary supplemen-
tation with 6R-tetrahydrobiopterin stereoiso-
mer in doses up to 20 mg/kg/day depends on
individual needs. Treatment of infants with
non-PKU HPA with plasma phenylalanine con-
centrations consistently less than 600 mmol/L
is uncertain.

Tetrahydrobiopterin is a cofactor for phenyl-
alanine hydroxylase, tyrosine hydroxylase, and
tryptophan hydroxylase. Defective recycling or
synthesis causes deficiency. In infants with cofac-
tor deficiency, a phenylalanine-restricted diet
decreases the blood phenylalanine concentra-
tion but does not prevent neurological deterio-
ration. For these children, tetrahydrobiopterin
administration is the therapy of choice.
Disorders of Lysosomal Enzymes

Lysosomes are cytoplasmic vesicles containing
hydrolytic enzymes that degrade the products
of cellular catabolism. The causes of lysosomal
enzyme disorders are impaired enzyme synthe-
sis, abnormal enzyme targeting, or a defective
accessory factor needed for enzymatic proces-
sing. When lysosomal enzymes are impaired,
abnormal storage of materials occurs, causing
cell injury and death. One or several organs
may be affected, and the clinical features depend
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on the organ(s) involved. Mental retardation
and regression are features of many lysosomal
enzyme storage diseases. In some diseases, such
as acid lipase deficiency (Wolman disease) and
ceramide deficiency (Farber lipogranulomato-
sis), mental retardation occurs, but is neither a
prominent nor an initial feature. These disorders
are not discussed.

Gaucher Disease Type 2
(Glucosylceramine Lipidosis)

Transmission of Gaucher disease is by autoso-
mal recessive inheritance. The abnormal gene
is located on chromosome 1q21. Deficiency of
the enzyme glucocerebrosidase (glucosylcera-
mide b-glucosidase) causes the lysosomal stor-
age of glucocerebrosides. Deficiency of saposin
C, an enzymatic cofactor, is a rare cause.

Although Gaucher disease encompasses a
continuum of clinical findings, the identifica-
tion of five clinical subtypes is useful in deter-
mining prognosis and management (Pastores,
2005). Type 1 is a perinatal lethal form that does
not affect the brain. Age at onset distinguishes
types 2 and 3. Neurovisceral storage charac-
terizes both types. Type 2 has onset before age
2 years, limited psychomotor development,
and a rapidly progressive course with death by
age 2 to 4 years. Type 3 begins after age 2 years
and has a more slowly progressive course with
longer survival. The other two types include a
perinatal lethal form and a cardiovascular form.

Clinical Features. Symptom onset in infants
with Gaucher disease type 2 is usually before
6 months of age and frequently before
3 months of age. The initial features are motor
regression and cranial nerve dysfunction. Chil-
dren are first hypotonic and then spastic.
Head retraction, an early and characteristic
sign, is probably due to meningeal irritation.
Difficulties in sucking and swallowing, trismus,
and oculomotor palsies are typical. Mental
deterioration is rapid, but seizures are uncom-
mon. Splenomegaly is more prominent than
hepatomegaly, and jaundice is not expected.
Hypersplenism results in anemia, thrombocy-
topenia, and leukopenia. Death usually occurs
during the first year and always by the second.

Diagnosis. Assay of acid b-glucosylceramidase
enzyme activity in peripheral blood leukocytes
or other nucleated cells is reliable for diagno-
sis. Glucosylceramidase enzyme activity in
peripheral blood leukocytes is 0% to 15% of
normal. Carrier detection and prenatal diag-
nosis are available.
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Management. The symptomatic treatment for
Gaucher disease includes partial or total sple-
nectomy for massive splenomegaly and throm-
bocytopenia, transfusion of blood for severe
anemia and bleeding, analgesics for bone
pain, joint replacement surgery for relief from
chronic pain and restoration of function, and
supplemental treatment such as oral bis-
phosphonates for severe osteopenia.

Patients with type 3 disease may benefit
from bone marrow transplantation to correct
the metabolic defect. Enzyme replacement ther-
apy, using imiglucerase, is effective in reversing
the hematological and liver/spleen involvement.

Globoid Cell Leukodystrophy
(Krabbe Disease)

Krabbe disease (galactosylceramide lipidosis)
is a rapidly progressive demyelinating dis-
order of infants caused by deficient activity of
the enzyme galactosylceramide b-galactosidase
(Wenger, 2007). Juvenile and adult forms of
the disease also occur. Transmission is by auto-
somal recessive inheritance, and the gene
maps to chromosome 14. Galactosylceramide
is stored within multinucleated macrophages
of the white matter of the central nervous sys-
tem, forming globoid cells.

Clinical Features. The median age at onset is
4 months (range, 1–7 months). Initial symp-
toms are irritability and hyperreactivity to stim-
uli. Progressive hypertonicity in the skeletal
muscles follows. Unexplained low-grade fever
is common. Psychomotor development arrests
and then regresses. Within 2 to 4 months, the
infant is in a permanent position of opisthoto-
nos, and all previously achieved milestones are
lost. Tendon reflexes become hypoactive and
disappear. Startle myoclonus and seizures
develop. Blindness occurs, and before 1 year,
90% of these infants are either dead or in a
chronic vegetative state.

Several variant forms of globoid leukodystro-
phy with different clinical features exist: in-
fantile spasm syndrome (see Chapter 1), focal
neurological deficits (see Chapters 10 and 11),
and polyneuropathy (see Chapter 7). The juve-
nile form is discussed later in this chapter.

Diagnosis. MRI shows diffuse demyelination of
the cerebral hemispheres (see Fig. 5-1). Motor
nerve conduction velocity of peripheral nerves
is usually prolonged, and the protein content
of the CSF is increased. Deficient activity of
galactosylceramide b-galactosidase in leukocytes
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or cultured fibroblasts establishes the diagnosis.
The use of molecular genetic testing is only for
carrier detection.

Management. Hematopoietic stem cell trans-
plantation slows the course of disease in children
with infantile-onset Krabbe disease diagnosed
before symptom onset. Neurological manifesta-
tions may reverse.

Glycoprotein Degradation Disorders

Glycoproteins are complex molecules com-
posed of oligosaccharides attached to protein.
Disorders of glycoprotein degradation are
uncommon and resemble mild forms of muco-
polysaccharidoses (MPSs). Genetic transmis-
sion is autosomal recessive. The main forms
are deficiency of the enzyme a-mannosidase
encoded on chromosome 19cen-q12 and defi-
ciency of the lysosomal enzyme a-fucosidase
encoded on chromosome 1q34.

Clinical Features. Clinical features are either a
Hurler phenotype (Table 5-8) or a myoclonus-
dementia complex. Some patients have macu-
lar degeneration (cherry-red spot). Angiokera-
toma can be present. These disorders are
indistinguishable from other lysosomal storage
diseases by clinical features alone.

Diagnosis. The urine shows excessive excre-
tion of oligosaccharides or glycoasparagines
but not mucopolysaccharides. Biopsy speci-
mens of the skin and other tissues show mem-
brane-bound vacuoles containing amorphous
material. Tissue concentrations of glycopro-
teins, and often glycolipids, are increased.

Management. Treatment is supportive.

GM1 Gangliosidosis

Deficiency of the lysosomal enzyme b-galacto-
sidase causes GM1. The amount and type of
residual activity determine whether the pheno-
type is a generalized gangliosidosis, as in GM1
Table 5-8 Hurler Phenotype

Abdominal hernia
Coarse facial features
Corneal opacity
Deafness
Dysostosis multiplex
Mental retardation
Stiff joints
Visceromegaly
gangliosidosis, or visceral storage of mucopoly-
saccharides with little brain disease, as in Mor-
quio B disease. The b-galactosidase gene is
located on chromosome 3p21, and disease
transmission is autosomal.

Clinical Features. The onset is between 6 and
18 months. Weakness and incoordination are
early features. Spasticity, mental retardation,
and seizures follow. Psychomotor develop-
ment is first slow and then regresses. Affected
newborns are poorly responsive, hypotonic,
and hypoactive. The Hurler phenotype is pres-
ent (see Table 5-8), except that the cornea is
clear and a cherry-red spot on the macula is
present in 50% of patients (Table 5-9). Death
occurs between the ages of 3 and 7 years.

Diagnosis. The absence of mucopolysacchari-
duria and the presence of a cherry-red spot
distinguish infantile GM1 gangliosidosis from
Hurler syndrome. Showing enzyme deficiency
in leukocytes, cultured fibroblasts, or serum
establishes the diagnosis.

Management. Treatment is supportive.

GM2 Gangliosidosis

These are a group of related disorders in
which GM2 gangliosides are stored because of
deficiency of hexosaminidase A, hexosamini-
dase B, or the GM2 activator of hexosamini-
dase A or B. The abnormal gene, transmitted
by autosomal recessive inheritance, may be a
mutation in the gene for the a-subunit on
chromosome 15, the b-subunit on chromo-
some 5, or the glycoprotein activator for hex-
osaminidase (AB variant) on chromosome 5.

SANDHOFF DISEASE

In Sandhoff disease, both hexosaminidases A
and B are severely deficient. Disease trans-
mission is by autosomal recessive inheritance.
Globosides and GM2 gangliosides accumulate
in brain and viscera.
Table 5-9 Lysosomal Enzyme Disorders
with a Cherry-Red Spot

Cherry-red spot myoclonus (see Chapter 1)
Farber lipogranulomatosis
GM1 gangliosidosis
GM2 gangliosidosis
Metachromatic leukodystrophy
Niemann-Pick disease
Sialidosis type III
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Clinical Features. The clinical features and
course of Sandhoff disease are identical to
those of Tay-Sachs disease. The only difference
is that organs other than the central nervous
system are sometimes involved. Moderate hepa-
tosplenomegaly may be present, and occasion-
ally patients have bony deformities similar to
those of infantile GM1 gangliosidosis.

Diagnosis. Suspect the disease in every non-
Jewish infant with a Tay-Sachs phenotype.
Peripheral lymphocytes are not vacuolated,
but foamy histiocytes may be present in the
bone marrow. Hexosaminidase deficiency in
leukocytes, cultured fibroblasts, or serum
establishes the diagnosis in patients and car-
riers. Prenatal diagnosis is by the detection of
N-acetylglucosaminyl oligosaccharides in amni-
otic fluid.

Management. Treatment is supportive.

TAY-SACHS DISEASE

Hexosaminidase A deficiency causes a group
of neurodegenerative disorders caused by
intralysosomal storage of the specific glyco-
sphingolipid GM2 ganglioside. Complete defi-
ciency of hexosaminidase A causes Tay-Sachs
disease (infantile GM2 gangliosidosis). The gene
frequency is 1:30 in Ashkenazi Jews and 1:300
in gentiles. The central nervous system is the
only affected organ. Partial deficiencies of
hexosaminidase A cause the juvenile and
adult forms of GM2 gangliosidosis (Kaback,
2006).

Clinical Features. The typical initial symptom,
occurring between 3 and 6 months of age, is
an abnormal startle reaction (Moro reflex) to
noise or light. Motor regression begins between
4 and 6 months of age. The infant comes to
medical attention because of either delayed
achievement of motor milestones or loss of
milestones previously attained. A cherry-red
spot on the macula is present in almost every
patient, but is not specific for Tay-Sachs disease
because it also is present in several storage dis-
eases and in central retinal artery occlusion
(see Table 5-9). The cherry-red spot develops
as retinal ganglion cells in the parafoveal region
accumulate stored material, swell, and burst.
The red color of the normal fundus is then
observable. Optic atrophy and blindness follow.

By 1 year of age, the infant is severely
retarded, unresponsive, and spastic. During
the second year, the head enlarges and seizures
develop. Most children die by 5 years of age.
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Diagnosis. Suspect the diagnosis in any Jewish
child with psychomotor retardation and a
cherry-red spot on the macula. The diagnosis
of hexosaminidase A deficiency relies on
the demonstration of absent to nearly absent
b-hexosaminidase A enzymatic activity in the
serum or white blood cells of a symptomatic
child in the presence of normal or elevated
activity of the b-hexosaminidase B isoenzyme.
Mutation analysis identifies the carrier state.

Management. Treatment is supportive.

I-Cell Disease

Deficiency or dysfunction of the enzyme N-
acetylglucosamine phosphotransferase causes
I-cell disease (mucolipidosis II). Lysosomal
storage of several mucolipids occurs. Trans-
mission is by autosomal recessive inheritance.
The gene maps to chromosome 4q21-23.

Clinical Features. The features of I-cell disease
resemble Hurler syndrome except that symp-
toms appear earlier, neurological deterioration
is more rapid, and mucopolysacchariduria is
not present. Affected newborns are small for
gestational age and may have hyperplastic
gums. Coarsening of facial features and limi-
tation of joint movements occur within the
first months. The complete Hurler phenotype
is present within the first year, except that
corneal opacification is not always present.
Gingival hypertrophy is quite striking. Death
from congestive heart failure usually occurs
before age 5.

Diagnosis. Consider I-cell disease in infants with
the Hurler phenotype and negative screening
for mucopolysacchariduria. Showing a specific
pattern of lysosomal enzyme deficiency in fibro-
blasts establishes the diagnosis.

Management. Treatment is supportive.

Mucopolysaccharidoses

Deficiency of the lysosomal enzymes responsi-
ble for catalyzing the degradation of glycos-
aminoglycans (mucopolysaccharides) causes the
MPSs. Mucopolysaccharides are a normal com-
ponent of the cornea, cartilage, bone, connective
tissue, and reticuloendothelial system. Excessive
storage may occur in all these tissues. Transmis-
sion of all MPSs except type II is by autosomal
recessive inheritance. Type II is an X-linked
trait.
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MUCOPOLYSACCHARIDOSIS TYPE I
(HURLER SYNDROME)

The absence of the lysosomal hydrolase a-L-
iduronidase causes Hurler syndrome. The
gene maps to chromosome 4p16.3. Dermatan
sulfate and heparan sulfate cannot be fully
degraded and appear in the urine. Mucopoly-
saccharides are stored in the cornea, collagen,
and leptomeninges, and gangliosides are
stored in cortical neurons (Clarke, 2007).

Clinical Features. MPS type I (MPS I) is a pro-
gressive multisystem disorder with mild to
severe features. The traditional classification
of Hurler syndrome, Hurler-Scheie syndrome
or Scheie syndrome, has been discarded in
favor of the terms severe MPS I or attenuated
MPS I. Individuals with MPS I appear normal
at birth. Coarsening of the facial features
occurs within the first 2 years. Progressive skel-
etal dysplasia (dysostosis multiplex) involving
all bones occurs in all children with severe
MPS I. Linear growth stops by age 3 years,
hearing loss occurs, and all children develop
progressive and profound mental retardation.
Death, caused by cardiorespiratory failure,
usually occurs within the first 10 years of life.

The greatest variability occurs in individuals
with the attenuated MPS I. Onset is usually
between ages 3 and 10 years. Although psycho-
motor development may be normal in early
childhood, individuals with attenuated MPS I
may have learning disabilities. The rate of dis-
ease progression and severity ranges from
death in the second to third decades to a nor-
mal life span with significant disability from
progressive severe restriction in range of
motion of all joints. Hearing loss and cardiac
valvular disease are common.

Diagnosis. The physical and radiographic
appearance suggests the diagnosis. Deficiency
of the enzyme a-L-iduronidase in peripheral
blood leukocytes or cultured fibroblasts estab-
lishes the diagnosis. Mutation analysis is used
for prenatal diagnosis.

Management. In addition to symptomatic treat-
ment, hematopoietic stem cell transplantation
in selected children with severe MPS I can
increase survival, reduce facial coarseness and
hepatosplenomegaly, improve hearing, and
maintain normal heart function. Enzyme
replacement therapy with Aldurazyme, licensed
for treatment of the non–central nervous sys-
tem manifestations of MPS I, improves liver
size, growth, joint mobility, breathing, and
sleep apnea in those with attenuated disease.
MUCOPOLYSACCHARIDOSIS TYPE III
(SANFILIPPO SYNDROME)

MPS type III is distinct from other MPSs because
only heparan sulfate is stored in viscera and
appears in the urine. Gangliosides are stored in
neurons. Four different, but related, enzyme
deficiencies cause similar phenotypes. All are
transmitted by autosomal recessive inheritance.

Clinical Features. The Hurler phenotype is not
prominent, but hepatomegaly is present in
two thirds of cases. Dwarfism does not occur.
Themajor feature is neurological deterioration
characterized by delayed motor development
beginning toward the end of the second year,
followed by an interval of arrestedmental devel-
opment and progressive dementia. Hyperactiv-
ity and sleep disorders are relatively common
between the ages of 2 and 4 years. Retardation
in most affected children is severe by age 11,
and death occurs before age 20. However, con-
siderable variability exists, and MPS type III is a
consideration even when the onset of mental
regression occurs after age 5.

Diagnosis. Suspect the diagnosis in infants and
children with progressive psychomotor regres-
sion and a screening test positive for muco-
polysacchariduria. The presence of heparan
sulfate, but not dermatan sulfate, in the urine
is presumptive evidence of the disease. Defini-
tive diagnosis requires the demonstration of
enzyme deficiency in cultured fibroblasts.

Management. Bone marrow transplantation is
an experimental therapy.

Niemann-Pick Disease Type A
(Sphingomyelin Lipidosis)

The traditional classification of acid sphingo-
myelinase deficiency is either neuronopathic
(Niemann-Pick disease type A, with death
in early childhood) or non-neuronopathic
(Niemann-Pick disease type B) (McGovern
and Schuchman, 2006). Although intermediate
forms exist, this section only deals with type A.

Clinical Features. The onset of the acute infan-
tile form occurs in the first months of life. The
features are feeding difficulty, failure to thrive,
and hepatosplenomegaly. With time, the liver
and spleen become massive. A cherry-red spot
is present in half of the cases (see Table 5-9).
Psychomotor regression, characterized by pos-
tural hypotonia and loss of reactivity to the
environment, occurs during the first year but
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is often overlooked because of the child’s fail-
ure to thrive. Emaciation, a tendency toward
opisthotonos, exaggerated tendon reflexes,
and blindness develop with time. Seizures are
uncommon. Interstitial lung disease caused
by storage of sphingomyelin in pulmonary
macrophages results in frequent respiratory
infections and often respiratory failure. Most
children die before the age of 3.

Diagnosis. The clinical course suggests the
diagnosis. Vacuolated histiocytes are present
in the bone marrow and vacuolated lympho-
cytes in the peripheral blood. The diagnosis
of acid sphingomyelinase deficiency is estab-
lished when residual acid sphingomyelinase
enzyme activity in peripheral blood lympho-
cytes or cultured skin fibroblasts is less than
10% of controls. SMPD1 is the only gene asso-
ciated with acid sphingomyelinase deficiency,
and genetic analysis detects mutations in
almost all individuals with enzymatically con-
firmed acid sphingomyelinase deficiency.

Management. Treatment is supportive.

Carbohydrate-Deficient Glycoprotein
Syndromes

The carbohydrate-deficient glycoprotein (CDG)
syndromes are a group of genetic, multisystem
diseases with major nervous system involvement
(Sparks and Krasnewich, 2005). The underlying
defect is abnormal glycosylation of N-linked oli-
gosaccharides. Thirteen different enzymes in
the N-linked oligosaccharide synthetic pathway
are defective in individual types of CDG. Defi-
ciency of the carbohydrate moiety of secretory
glycoproteins, lysosomal enzymes, and mem-
brane glycoproteins is characteristic of the
group. They occur mainly in northern Eur-
opeans, and transmission is by autosomal reces-
sive inheritance.

Clinical Features. Affected newborns with CDG
syndrome type I seem normal except for the
appearance of dysmaturity. Failure to thrive,
developmental delay, hypotonia, and multisys-
tem failure occur early in infancy. Neurological
deterioration follows. The main features are
mental deficiency, ataxia, retinitis pigmentosa,
hypotonia, and weakness. Characteristic features
in childhood and adolescence are short stature,
failure of sexual maturation, skeletal abnormal-
ities, liver dysfunction, and polyneuropathy.

Children with CDG syndrome type II have a
more profound mental retardation but no
136
cerebellar ataxia or peripheral neuropathy,
and those with CDG syndrome types III and
IV have severe neurological impairment and
seizures from birth.

Diagnosis. The diagnostic test for all types of
CDG is analysis of serum transferrin glycoforms.

Management. Treatment is supportive.

Hypothyroidism

Congenital hypothyroidism secondary to thy-
roid dysgenesis occurs in 1 in 4000 live births.
Mutations in the genes encoding thyrotropin,
thyrotropin-releasing hormone, thyroid tran-
scription factor 2, and other factors are causa-
tive. To ensure a favorable outcome, early
diagnosis and treatment are imperative. Fortu-
nately, newborn screening is universal in the
United States and detects virtually all cases.

Clinical Features. Affected infants are usually
asymptomatic at birth. Clinical features evolve
insidiously during the first weeks postpartum,
and their significance is not always appre-
ciated. Frequently gestation lasts for more
than 42 weeks, and birth weight is greater than
4 kg. Early clinical features include a wide-
open posterior fontanelle, constipation, jaun-
dice, poor temperature control, and umbilical
hernia. The tongue is sometimes large, which
makes feeding difficult. Edema of the eyes,
hands, and feet may be present at birth, but
is often unrecognized in early infancy.

Diagnosis. Radiographs of the long bones show
delayed maturation, and radiographs of the
skull show excessive numbers of wormian
bones. A low serum concentration of thyroxine
and a high serum concentration of thyroid-
stimulating hormone establish the diagnosis.

Management. Initiate treatment with levothy-
roxine sodium, 24 to 50 g/day, as soon as pos-
sible. Early treatment prevents most, if not all,
of the sequelae of congenital hypothyroidism.
Each month of delay decreases the ultimate
intelligence of the infant.

Mitochondrial Disorders

Mitochondrial disorders involve pyruvate metab-
olism, theKrebs cycle, and respiratory complexes.
Figure 8-2 depicts the five respiratory complexes,
and Table 8-6 lists the disorders assigned to
abnormalities in each of these complexes.
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Mitochondrial diseases arise fromdysfunction
of the mitochondrial respiratory chain (Chin-
nery, 2006). Mutations of either nuclear or
mitochondrial (mtDNA) are causative. Some
mutations affect a single organ, but most involve
multiple organ systems and neurological dys-
function is prominent. In general, nuclear
defects present in childhood, and mtDNA
defects present in late childhood or adult life.
Many individuals show a cluster of clinical fea-
tures that fall into a discrete clinical syndrome,
but considerable clinical variability exists and
many individuals do not fit into one particular
category. Common clinical features of mito-
chondrial disease include ptosis, retinitis pig-
mentosa, external ophthalmoplegia, myopathy,
exercise intolerance, cardiomyopathy, sensori-
neural deafness, optic atrophy, and diabetes
mellitus.

Alexander Disease

Alexander disease is a rare disorder caused by
a mutation in the gene encoding reduced nic-
otinamide adenine dinucleotide–ubiquinone
oxidoreductase flavoprotein-1 (Gorospe, 2007).
Disease transmission is autosomal dominant.
Most affected newborns represent new muta-
tions. The abnormal genemaps to chromosome
17q21 and encodes glial fibrillary acidic protein.
Rosenthal fibers, the pathological hallmark of
disease, are rod-shaped or round bodies that
stain red with hematoxylin and eosin and black
withmyelin stains. They appear as small granules
within the cytoplasm of astrocytes. Rosenthal
fibers are scattered diffusely in the cerebral cor-
tex and the whitematter, but have a predilection
for the subpial, subependymal, and perivascular
regions.

Clinical Features. Diagnosis formerly depended
on autopsy. Clinical features expanded with
the accuracy of antemortem diagnosis. Infan-
tile, juvenile, and adult forms are recognized.
The infantile form is the most common. It
accounts for 70% of cases with an identifi-
able glial fibrillary acidic protein mutation.
The onset is anytime from birth to early
childhood. Affected infants show arrest
and regression of psychomotor development,
enlargement of the head secondary to mega-
lencephaly, spasticity, and seizures. Megalen-
cephaly may be the initial feature. Optic
atrophy does not occur. Death by age 2 or 3
years is the rule.

Diagnosis. Four of the five following criteria
establish an MRI-based diagnosis of Alexander
disease: (1) extensive cerebral white matter
abnormalities with a frontal preponderance; (2)
a periventricular rimof decreased signal intensity
onT2-weighted images and elevated signal inten-
sity on T1-weighted images; (3) abnormalities of
the basal ganglia and thalami; (4) brainstem
abnormalities, particularly involving themedulla
and midbrain; and (5) contrast enhancement of
one or more of the following: ventricular lining,
periventricular rim, frontal white matter, optic
chiasm, fornix, basal ganglia, thalamus, dentate
nucleus, brainstem (van der Knaap et al, 1995).
Genetic testing confirms the diagnosis.

Management. Treatment is supportive.

Progressive Infantile Poliodystrophy
(Alpers-Huttenlocher Syndrome)

The original description of Alpers disease was a
progressive degeneration of cerebral gray mat-
ter, with intractable seizures, and associated
with cirrhosis of the liver. It probably encom-
passed several disease processes with ophthal-
moplegia as a prominent feature. One cause
is a mutation in the nuclear gene encoding
mtDNA polymerase gamma. Autosomal reces-
sive and dominant forms exist.

Clinical Features. The onset of symptoms is dur-
ing either infancy or childhood. The disorder
with infantile onset tends to be sporadic and
characterized by early convulsions. A progres-
sive neurological disorder follows with spasticity,
myoclonus, and dementia. Status epilepticus is
often the terminating development. Although
clinical signs of liver disease often appear later
in the course, biochemical evidence of liver dis-
ease may predate the onset of seizures. Most
patients die before the age of 3 years.

Diagnosis. Postmortem examination establishes
the definitive diagnosis. However, an increased
blood lactate concentration should suggest dis-
turbed pyruvate utilization and prompt investi-
gation of mitochondrial enzymes in liver and
skeletal muscle.

Management. Treatment is supportive.

Subacute Necrotizing
Encephalomyelopathy (Leigh Disease)
and Neurogenic Muscle Weakness,
Ataxia, and Retinitis Pigmentosa

mtDNA-associated Leigh syndrome and neuro-
genic muscle weakness, ataxia, and retinitis
137



Chapter 5 Psychomotor Retardation and Regression
pigmentosa are part of a continuum of pro-
gressive neurodegenerative disorders caused
by abnormalities of mitochondrial energy gen-
eration. Subacute necrotizing encephalomye-
lopathy is a progressive disorder primarily
affecting neurons of the brainstem, thalamus,
basal ganglia, and cerebellum. Several different
abnormalities in mtDNA cause subacute necro-
tizing encephalomyelopathy. Transmission is
usually by autosomal recessive inheritance, but
X-linked inheritance occurs as well (Thorburn
and Rahman, 2006).

Clinical Features. Onset of subacute necrotiz-
ing encephalomyelopathy is typically between
3 and 12 months of age. Decompensation,
often with lactic acidosis, occurs during an
intercurrent illness. Features may include psy-
chomotor regression with hypotonia, spastic-
ity, movement disorders (including chorea),
cerebellar ataxia, and peripheral neuropathy.
Extraneurological manifestations may include
hypertrophic cardiomyopathy.

Most individuals have a progressive course
with episodic deterioration interspersed with
variable periods of stability during which
development may be quite stable or even show
some progress. Death typically occurs by 2 to 3
years of age, most often due to respiratory or
cardiac failure. In undiagnosed cases, death
may appear to be sudden and unexpected.
Later onset of subacute necrotizing encepha-
lomyelopathy (i.e., after 1 year of age, includ-
ing presentation in adulthood) and slower
progression occur in as many as 25% of
individuals.

The features of neurogenic muscle weak-
ness, ataxia, and retinitis pigmentosa are neu-
ropathy, ataxia, and pigmentary retinopathy.
Onset of symptoms, particularly ataxia and
learning difficulties, is often in early child-
hood. Episodic deterioration interrupts peri-
ods of stability, often in association with
illnesses.

Diagnosis. Lactate concentrations increase in
blood and/or CSF. Lactic acidemia is usually
more common in postprandial samples. An
oral glucose load causes blood lactate concen-
trations to double after 60 minutes and is
more consistent in CSF samples than blood
samples. Blood concentrations of lactate and
pyruvate are usually increased and increase
even more at the time of clinical exacerbation.
MRI greatly increases diagnostic accuracy. MRI
features include bilateral symmetrical hyperin-
tense signal abnormality in the brainstem
and/or basal ganglia on T2-weighted images.
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Approximately 10% to 20% of individuals with
subacute necrotizing encephalomyelopathy have
detectable abnormalities on molecular genetic
testing.

Management. Treatment is supportive and
includes use of sodium bicarbonate or sodium
citrate for acidosis and antiepileptic drugs for
seizures. Dystonia can be treated with benz-
hexol, baclofen, and tetrabenezine or injec-
tions of botulinum toxin.

Neurocutaneous Syndromes

Neurofibromatosis Type 1

The neurofibromatoses (NF) are divisible into
a peripheral type (NF1) and a central type
(NF2). Transmission of both is by autosomal
dominant inheritance with considerable varia-
tion in expression. The abnormal gene for
NF1 is located on chromosome 17q, and its
abnormal protein product is neurofibromin.
Approximately 100 mutations of NF1 have
been identified in various regions of the gene.
NF1 is the most common of the neurocuta-
neous syndromes, occurring in approximately
1 in 3000 individuals. Almost 50% of patients
with NF1 are new mutations. New mutations
are associated with increased paternal age.
NF2 is characterized by bilateral acoustic neu-
romas as well as other intracranial and intra-
spinal tumors (see Chapter 17).

Clinical Features. The clinical manifestations
are highly variable (Friedman, 2007). In mild
cases, café au lait spots and subcutaneous neu-
rofibromas are the only features. Axillary
freckles are common.

Severely affected individuals have develop-
mental and neoplastic disorders of the ner-
vous system. The main central nervous system
abnormalities are optic pathway glioma,
intraspinal neurofibroma, dural ectasia, and
aqueductal stenosis. Acoustic neuromas are
not part of NF1. The usual cognitive defect is
a learning disability, not mental retardation.

Diagnosis. Two or more of the following fea-
tures are considered diagnostic: (1) six café
au lait spots more than 5 mm in diameter in
prepubertal individuals or more than 15 mm
in postpubertal individuals, (2) two or more
neurofibromas or one plexiform neurofi-
broma, (3) freckling in the axillary or inguinal
region, (4) optic glioma, (5) two or more iris
hamartomas (Lisch nodules), (6) a distinctive
osseous lesion such as sphenoid dysplasia or
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thinning of long bones, and (7) a first-degree
relative with NF1. Only approximately half of
children with NF1 and no known family his-
tory of NF meet these criteria for diagnosis
by 1 year of age, but almost all do by age
8 years.

MRI may provide additional diagnostic
information. Areas of increased T2 signal
intensity are often present in the basal gan-
glia, cerebellum, brainstem, and subcortical
white matter. The histology of these areas is
not established, and they tend to disappear
with age. However, the total burden of such
areas correlates with intellectual impairment.
DNA-based testing is available but rarely
needed.

Management. Management is primarily sup-
portive: anticonvulsant drugs for seizures, sur-
gery for accessible tumors, and orthopedic
procedures for bony deformities. Routine
MRI studies to screen for optic gliomas in non-
symptomatic children are unnecessary.

Tuberous Sclerosis

Transmission of the tuberous sclerosis com-
plex (TSC) is by autosomal dominant inheri-
tance and has variable phenotypic expression
(Northrup and Au, 2005). Two genes are
responsible for TSC. One gene (TSC1) is
located at chromosome 9q34, and the other
(TSC2) is near the gene for adult polycystic
kidney disease at chromosome 16p13.3. TSC1
is more likely than TSC2 to account for famil-
ial cases and is generally a less severe pheno-
type. As a group, patients with TSC1 were
younger at seizure onset, were more cogni-
tively impaired, and had a greater tuber bur-
den (Jansen et al, 2008).

Clinical Features. The most common initial
symptom of neurological dysfunction during
infancy is seizures, especially infantile spasms
(see Chapter 1). Some infants have evidence
of developmental delay before the onset of sei-
zures. The delay is often insufficient to prompt
medical consultation. Most children with
tuberous sclerosis who have mental retarda-
tion eventually have seizures, and all infants
with intractable seizures will later function in
the retarded range. Seizures and mental
retardation are due to disturbed histogenesis
of the brain, which contains decreased num-
bers of neurons and bizarrely shaped astro-
cytes. Glial tumors are common in the
subependymal region and may cause obstruc-
tive hydrocephalus.
In late infancy and early childhood, café au
lait spots develop, and an isolated raised
plaque in the skin over the lower back or but-
tocks (Shagreen patch) is present by 15 years in
50% of affected children. During childhood,
adenomata sebaceum (actually angiokerato-
mas) appear on the face, usually in a but-
terfly distribution. Other organ involvement
includes retinal tumors, rhabdomyoma of the
heart, renal tumors, and cysts of the kidney,
bone, and lung.

A shortened life expectancy results from
renal disease, cardiovascular disorders, brain
tumors, and status epilepticus.

Diagnosis. The National Institutes of Health
consensus conference diagnostic criteria for
TSC have been revised (Roach and Sparagana,
2004). The revised diagnostic criteria for TSC
recognize that individuals with lymphangio-
myomatosis who have associated renal angio-
myolipomas do not have TSC (Box 5-1). The
new criteria have eliminated nonspecific fea-
tures (e.g., infantile spasms and myoclonic,
tonic, or atonic seizures) and have made cer-
tain features more specific (e.g., nontraumatic
ungual or periungual fibroma, three or more
hypomelanotic macules).

Complicating molecular genetic testing of
the TSC1 and the TSC2 genes are the large size
of the two genes, the large number of disease-
causing mutations, and a 10% to 25% rate of
somatic mosaicism. However, molecular test-
ing for both genes is available.

Management. The recommended evaluations
in children with TSC are renal ultrasonogra-
phy every 1 to 3 years followed by renal CT/
MRI if large or numerous renal tumors are
detected, cranial CT/MRI every 1 to 3 years,
echocardiography if cardiac symptoms indi-
cate the need, and chest CT if pulmonary
symptoms indicate the need.

Anticonvulsants are helpful in decreasing
seizure frequency, but rarely provide complete
control. In one small study, oral rapamycin
caused regression of astrocytomas (Franz
et al, 2006). Mental retardation is not revers-
ible. Genetic counseling is an important
aspect of patient management. Although dis-
ease transmission is autosomal dominant,
gene expression is so variable that neither par-
ent may appear affected. One fourth of par-
ents without a personal or family history of
tuberous sclerosis are shown to be affected by
a careful history and physical examination,
including funduscopic examination, renal
ultrasonography, and cranial MRI.
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Box 5-1 Clinical Diagnosis of Tuberous Sclerosis

The revised diagnostic criteria for tuberous sclerosis
complex (TSC) recognize that individuals with
lymphangiomyomatosis who have associated renal
angiomyolipomas do not have TSC. The new criteria
have eliminated nonspecific features (e.g., infantile
spasms and myoclonic, tonic, and atonic seizures)
and have made certain features more specific (e.g.,
nontraumatic ungual or periungual fibroma, three or
more hypomelanotic macules).

Definite TSC: Two major features or one major
feature plus two minor features

Probable TSC: One major feature plus one minor
feature

Possible TSC: One major feature or two or more
minor features

Major Features

Facial angiofibromas or forehead plaque

Nontraumatic ungual or periungual fibromas

Hypomelanotic macules (�3)

Shagreen patch (connective tissue nevus)

Multiple retinal nodular hamartomas

Cortical tuber*

Subependymal nodule

Subependymal giant cell astrocytoma

Cardiac rhabdomyoma, single or multiple

Lymphangiomyomatosis{

Renal angiomyolipoma{

Minor Features

Multiple randomly distributed pits in dental enamel

Hamartomatous rectal polyps{

Bone cysts}

Cerebral white matter radial migration lines*}||

Gingival fibromas

Nonrenal hamartoma{

Retinal achromic patch

“Confetti” skin lesions

Multiple renal cysts{

*Cerebral cortical dysplasia and cerebral white matter migration tracts occurring together are counted as one rather
than two features of TSC.

{When both lymphangiomyomatosis and renal angiomyolipomas are present, other features of tuberous sclerosis must
be present before TSC is diagnosed.

{Histologic confirmation is suggested.
}Radiographic confirmation is sufficient.
||White matter migration lines and focal cortical dysplasia are often seen in individuals with TSC; however, because

these lesions can be seen independently and are relatively nonspecific, they are considered a minor diagnostic
criterion for TSC.
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Other Disorders of Gray Matter

Early-Infantile Neuronal
Ceroid-Lipofuscinosis
(Santavuori-Haltia Disease)

The neuronal ceroid-lipofuscinoses (NCLs)
are a group of inherited lysosomal storage dis-
orders characterized by progressive mental
and motor deterioration, seizures, and early
death. Visual loss is a feature of most forms.
Classification of these disorders had been by
age at onset and rapidity of progression, but
now is by mutation analysis (Wisniewski,
2006). The two infantile forms are infantile
NCL and late-infantile NCL. Infantile NCL
occurs primarily in Finnish people. The res-
ponsible mutation occurs in the palmitoyl pro-
tein thioesterase gene on chromosome 1. This
site has been designated NCL1. The more
common NCL types occur after 2 years of
age (see “Progressive Encephalopathies with
Onset after Age 2”) and are caused by muta-
tions at other sites.
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Clinical Features. Children with infantile NCL
are normal at birth and usually develop symp-
toms between 6 and 24 months of age. The ini-
tial signs include delayed development, myo-
clonic jerks and/or seizures, and progressive
mental retardation.

Late-infantile NCL begins between 2 and 4
years of age with seizures followed by mental
decline, ataxia, spasticity, and movement dis-
orders. Visual impairment begins between 4
and 6 years and rapidly progresses to blind-
ness. Life expectancy ranges from age 6 to
older than 40 years of age.

Diagnosis. Molecular genetic testing is available.

Management. Treatment of seizures and myoc-
lonus is with a combination of anticonvulsant
drugs (see Chapter 1). No treatment for the
underlying metabolic error is available.

Infantile Neuroaxonal Dystrophy

Infantile neuroaxonal dystrophy (Seitelberger dis-
ease) is a disorder of axon terminals transmitted
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by autosomal recessive inheritance. Many in-
fants with this disorder have a mutation in the
PLA2G6 gene. It shares many pathological
features with Hallervorden-Spatz disease (see
Chapter 14) and may be an infantile form.

Clinical Features. Affected children usually
develop normally during the first year, but
most children never walk. Facial dysmorph-
ism includes prominent forehead, strabis-
mus, small nose, wide mouth, micrognathia,
and large low-set ears (Seven et al, 2002).
Motor regression occurs at the end of the
first year as clumsiness and frequent falling.
The infant is first hypotonic and hypore-
flexic. Muscle atrophy may be present as
well. At this stage, a peripheral neuropathy
may be suspected, but motor nerve conduc-
tion velocity and the protein content of the
CSF are normal.

After the initial phase of hypotonia, symp-
toms of cerebral degeneration become promi-
nent. Increasing spastic quadriparesis, optic
atrophy, involuntary movements, and mental
regression are evident. By 2 years of age, most
children are severely handicapped. Deteriora-
tion to a vegetative state follows, and death
usually occurs by age 10 years.

Diagnosis. The CSF is usually normal. Electro-
myography shows a denervation pattern con-
sistent with anterior horn cell disease. Motor
nerve conduction velocities are normal. MRI
shows a high iron level in the globus pallidus,
and its diagnosis is therefore a consideration
in the differential diagnosis of neurodegenera-
tion with high brain iron level (Morgan,
2006).

A definitive diagnosis requires evidence of
neuroaxonal spheroids in the peripheral nerve
endings, conjunctiva, or brain. Neuroaxonal
spheroids are large eosinophilic spheroids
caused by axonal swelling throughout the gray
matter. They are not unique to neuroaxonal
dystrophy and are seen in Hallervorden-Spatz
disease, Niemann-Pick disease type C, infantile
GM2 gangliosidosis, and several other neurode-
generative conditions.

Management. Treatment is supportive.

Lesch-Nyhan Disease

Lesch-Nyhan disease results from deficiency of
the enzyme hypoxanthine guanine phosphori-
bosyltransferase (Nyhan et al, 2007). The gene
map locus is chromosome Xq26-q27.2.
Clinical Features. Affected newborns appear
normal at birth, except for mild hypotonia.
Delayed motor development and poor head
control are present during the first 3 months.
Progressive limb rigidity and torticollis or ret-
rocollis follow. The progression of neurologi-
cal disturbance is insidious, and cerebral
palsy is often misdiagnosed. During the sec-
ond year, facial grimacing, corticospinal tract
dysfunction, and involuntary movements (usu-
ally chorea but sometimes athetosis) develop.

It is not until after age 2 years, and sometimes
considerably later, that affected children begin
biting their fingers, lips, and cheeks. Compulsive
self-mutilation is characteristic, but not constant,
and causes severe disfigurement. Often wrap-
ping the hands or removing teeth is necessary
to prevent further harm. In addition to self-
directed aggressive behavior, there may be
aggressive behavior toward caretakers. Mental
retardation is constant but of variable severity.
Intelligence is difficult to evaluate because of
behavioral and motor disturbances.

Diagnosis. Uric acid concentrations in the
blood and urine are elevated. Indeed, some
parents note a reddish discoloration of diapers
caused by uric acid. The demonstration that
hypoxanthine guanine phosphoribosyltrans-
ferase activity is less than 1.5% in erythrocytes
or cultured fibroblasts establishes the diagno-
sis. Molecular genetic testing of the HPRT1
gene (chromosomal locus Xq26-q27.2) is used
to determine the status of at-risk females.

Management. Allopurinol decreases the uri-
nary concentration of uric acid and prevents
the development of nephropathy. Levodopa
or tetrabenezine may abate the self-mutilating
behavior. However, no treatment is available
to prevent progressive degeneration of the
nervous system.

Rett Syndrome

Classic Rett syndrome occurs only in girls (Chris-
todoulou, 2008). The estimated prevalence is
1:10,000 to 1:20,000. Mutations in the gene
encodingmethyl-CpG-binding protein-2, located
on chromosome Xq28, cause the disease.

Males meeting the clinical criteria have a
47, XXY phenotype and postzygotic MEP2
mutations. Males with a 46, XY karyotype and
an MECP2 mutation have such a severe pheno-
type that they do not survive.

Clinical Features. Affected girls are normal
during the first year. Developmental arrest
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usually begins at 12 months, but may appear as
early as 5 months or as late as 18 months. The
initial features are deceleration of head
growth leading to microcephaly, lack of inter-
est in the environment, and hypotonia. Within
a few months, rapid developmental regression
occurs characterized by loss of language skills,
gait ataxia, seizures, and autistic behavior. A
characteristic feature of the syndrome is loss
of purposeful hand movements before the
age of 3. Stereotyped activity develops that
looks like hand wringing or washing. Repeti-
tive blows to the face are another form of ste-
reotyped hand movement.

Following the initial rapid progression is a
continued slower progression of neurological
deterioration. Spastic paraparesis and quadri-
paresis are frequent endpoints. Dementia is
usually severe. Stimulation produces an exag-
gerated stereotyped reaction consisting of
jerking movements of the trunk and limbs
with episodes of disorganized breathing and
apnea followed by hyperpnea. Seizures occur
in most children before age 3 years. After the
period of rapid deterioration, the disease
becomes relatively stable, but dystonia may
develop later. Females with Rett syndrome usu-
ally survive into early adulthood, but have an
increased incidence of sudden, unexplained
death.

Diagnosis. The clinical features are the initial
basis for diagnosis, which can be confirmed
by molecular genetic testing.

Management. Seizures often respond to stan-
dard anticonvulsant drugs. Treatment is other-
wise supportive.

Trichopoliodystrophy
(Menkes Syndrome) and
Occipital Horn Syndrome

The characteristic feature of Menkes syndrome
and occipital horn syndrome is low tissue con-
centrations of copper due to impaired intestinal
copper absorption, accumulation of copper in
other tissues, and decreased activity of copper-
dependent enzymes suchasdopamine b-hydrox-
ylase and lysyl oxidase (Kaler, 2005). The gene
defect maps to chromosome Xq13.

Clinical Features. Affected infants are healthy
until age 2 months of age and then show loss
of developmental milestones, hypotonia, and
seizures. The appearance of the scalp hair
and eyebrows is almost pathognomonic. The
142
hair is sparse, poorly pigmented, and wiry.
The shafts break easily, forming short stubble
(kinky hair). Radiographs of the long bones
suggest osteogenesis imperfecta. Other facial
abnormalities include abnormal fullness of
the cheeks, a high-arched palate, and micro-
gnathia. Temperature instability and hypogly-
cemia may be present in the neonatal period.
Death usually occurs by 3 years of age.

Occipital horns are distinctive wedge-shaped
calcifications at the sites of attachment of the
trapezius muscle and the sternocleidomastoid
muscle to the occipital bone. Occipital horns
may be clinically palpable or observed on skull
imaging. Other features of the syndrome are
lax skin and joints, bladder diverticula, inguinal
hernias, and vascular tortuosity. Intellect is nor-
mal or slightly reduced. Autonomic dysfunc-
tion, including temperature instability and hypo-
glycemia, may be present in the neonatal period.
Death occurs by age 3 years.

Infants with occipital horn syndrome show
developmental arrest and regression by age 3
months. The infant becomes lethargic and less
reactive. Myoclonic seizures, provoked by stim-
ulation, are an early and almost constant fea-
ture. By the end of the first year, infants are
in a chronic vegetative state, and most die
before 18 months of age.

Diagnosis. Lowplasma concentrations of cerulo-
plasmin and copper suggest the diagnosis. A pro-
tocol of mutation analysis, mutation scanning,
and sequence analysis detectsmutations inmore
than 95% of patients. Such testing is clinically
available. Prenatal diagnosis is possible.

Management. Subcutaneous injections of cop-
per histidine or copper chloride before 10 days
of age normalizes developmental outcome
in some but not in others.
Other Disorders of White Matter

Aspartoacylase Deficiency
(Canavan Disease)

The inheritance of Canavan disease (also called
spongy degeneration of infancy) is autosomal reces-
sive. Deficiency of aspartoacylase underlies the
disease. Different mutations account for Jewish
and non-Jewish cases, but the variability of the
clinical course cannot be explained by genetic
heterogeneity alone (Matalon, 2006).

Clinical Features. Psychomotor arrest and regres-
sion occur during the first 6 months postpartum.
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Clinical features include decreased awareness of
the environment, difficulty in feeding, irritability,
and hypotonia. Eventually, spasticity replaces the
initial flaccidity. A characteristic posture, with leg
extension, arm flexion, and head retraction,
occurs, especially when the child is stimulated.
Macrocephaly is evident by 6 months of age.
The head continues to enlarge throughout
infancy, and this growth reaches a plateau by
the third year.Optic atrophy leading to blindness
evolves between 6 and 10 months. Life expec-
tancy is the second decade.

Diagnosis. Molecular genetic testing is not
commercially available. Abnormal excretion
of N-acetylaspartic acid is detectable in the
urine, and aspartoacylase activity in cultured
fibroblasts is less than 40% of normal. MRI
shows diffuse symmetrical leukoencephalopa-
thy even before neurological symptoms are
evident. Demyelination of peripheral nerves
does not occur, and the CSF is normal. Molec-
ular genetic diagnosis is available for the muta-
tion in Ashkenazi Jews.

Management. Treatment is supportive.

Galactosemia: Transferase Deficiency

Three separate inborn errors of galactose
metabolism produce galactosemia in the
newborn, but only galactose-1-phosphate uridyl-
transferase deficiency produces mental retar-
dation. Transmission of the defect is by
autosomal recessive inheritance, and the gene
map locus is 9p13 (Elsas, 2007).

Clinical Features. Affected newborns appear
normal, but cataracts are already developing.
The first milk feeding provokes the initial
symptoms. These include failure to thrive,
vomiting, diarrhea, jaundice, and hepatomeg-
aly. During this time, some newborns have
clinical features of increased intracranial pres-
sure, probably resulting from cerebral edema.
The combination of a tense fontanelle and
vomiting suggests a primary intracranial dis-
turbance and can delay the diagnosis and
treatment of the metabolic error.

Diagnosis. Newborn screening detects galacto-
semia. However, it is a consideration in any
newborn with vomiting and hepatomegaly,
especially when cataracts are present. The best
time to test the urine for reducing substances is
after feeding. Measurement of erythrocyte
galactose-1-phosphate uridyltransferase acti-
vity and isoelectric focusing on galactose-1-
phosphate uridyltransferase establish the diag-
nosis. Molecular genetic testing is available for
carrier detection and genetic counseling.

Management. Immediate dietary intervention
requires replacement of all milk and milk pro-
ducts with a formula that is free of bioavailable
galactose. However, long-term results of treat-
ment have been disappointing (Ridel et al,
2005); IQ is low in many cases despite early and
seemingly adequate therapy. Delayed achieve-
ment of developmentalmilestones occurs during
the first year. Intellectual function is only in the
moderately retarded range by age 5. After age 5,
truncal ataxia develops andprogresses in severity.
Associated with ataxia is a coarse resting tremor
of the limbs. Because of the restricted diet, catar-
acts and hepatomegaly are not present.

Pelizaeus-Merzbacher Disease

Pelizaeus-Merzbacher disease is a demyelinat-
ing disorder transmitted by X-linked recessive
inheritance. The gene maps to chromosome
Xq22. Defective biosynthesis of proteolipid
protein 1, which composes half of the myelin
sheath protein, causes the disorder (Garbern
et al, 2006). Mutations in the PLP1 gene are
also responsible for one form of hereditary
spastic paraplegia (see Chapter 12). Infantile,
neonatal, and transitional phenotypes of Peli-
zaeus-Merzbacher disease exist.

Clinical Features. Disorders related to PLP1 are
a continuum of neurological findings from
severe central nervous system involvement
(Pelizaeus-Merzbacher disease) to spastic para-
plegia. Disease characteristics are usually consis-
tent within families. The first symptoms of the
neonatal form suggest spasmus nutans (see
Chapter 15). The neonate has an intermittent
nodding movement of the head and pendular
nystagmus. Chorea or athetosis develops, psy-
chomotor development arrests by the third
month, and regression follows. Limb move-
ments become ataxic and tone becomes spastic,
first in the legs and then in the arms. Optic
atrophy and seizures are late occurrences.
Death occurs by 5 to 7 years of age.

The later the disease onset is, the slower the
progression of the disease and the more pro-
longed the course. Survival to adult life is rela-
tively common.

Diagnosis. MRI shows diffuse demyelination of
the hemispheres with sparing of scattered
small areas. Molecular genetic testing is avail-
able for diagnosis and carrier detection.
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Management. Treatment is supportive.

Progressive Cavitating
Leukoencephalopathy

Progressive cavitating leukoencephalopathy is
a degenerative disorder of early childhood
characterized by progressive cystic degenera-
tion of the white matter (Naidu et al, 2005).
The term encompasses mutations in any of
the five genes encoding subunits of the trans-
lation initiation factor.

Clinical Features. Age at onset is between 2
months and 3.5 years. The initial features are
episodes of irritability or focal neurological defi-
cits. Steady clinical deterioration follows, often
with spasticity and bulbar dysfunction leading to
death.

Diagnosis. MRI shows a patchy leukoencepha-
lopathy with cavity formation first affecting
the corpus callosum and centrum semiovale.
Later, large cystic lesions appear in the brain
and spinal cord. Elevated levels of lactate in
the brain, blood, and CSF suggest a mitochon-
drial disturbance.

Management. Management is supportive.
Progressive Hydrocephalus

Clinical Features. Progressive dilation of the
ventricular system may be a consequence
of congenital malformations, infectious dis-
eases, intracranial hemorrhage, or connatal
tumors. Whatever the cause, the clinical fea-
tures of increasing intracranial pressure are
much the same. Head circumference enlarges,
and the anterior fontanelle feels full; the child
becomes lethargic, has difficulty feeding, and
vomits. Ataxia and a spastic gait are common.

Diagnosis. Progressive hydrocephalus is often
insidious in premature newborns with intraven-
tricular hemorrhage, especially when delayed
progression follows initial arrest. Hydrocephalus
is always suspected in newborns and infants with
excessive head growth. A computed tomography
scan of the head confirms the diagnosis.

Management. Placement of a ventriculoperito-
neal shunt is the usual procedure to relieve
hydrocephalus in newborns and small infants
with primary dilation of the lateral ventricles
(see Chapter 18).
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PROGRESSIVE
ENCEPHALOPATHIES WITH
ONSET AFTER AGE 2

Disorders of Lysosomal Enzymes

GM2 Gangliosidosis
(Juvenile Tay-Sachs Disease)

Deficiency ofN-acetyl-b-hexosaminidase under-
lies both the infantile and juvenile forms of
Tay-Sachs disease (Kaback, 2006). Different
mutations underlie the acute and chronic
forms. No ethnic predilection exists.

Clinical Features. N-acetyl-b-hexosaminidase def-
iciency often begins with ataxia and incoordina-
tion between 2 and 10 years of age. Speech, life
skills, and cognition decline. Spasticity and sei-
zures are present by the end of the first decade
of life. Loss of vision occurs much later than in
the acute infantile form of the disease, and a
cherry-red spot is not a consistent finding.
Instead, optic atrophy and retinitis pigmen-
tosa may occur late in the course. A vegetative
state with decerebrate rigidity develops by 10 to
15 years of age, followed within a few years by
death, usually due to infection. In some cases,
the disease follows a particularly aggressive
course, culminating in death in 2 to 4 years.

Diagnosis. Serum, leukocytes, and fibroblasts are
deficient in N-acetyl-b-hexosaminidase activity.

Management. Treatment is supportive.

Gaucher Disease Type 3
(Glucosylceramide Lipidosis)

As in other types, the cause of late-onset
Gaucher disease is deficiency of the enzyme glu-
cocerebrosidase (Pastores, 2005). Transmission
is by autosomal recessive inheritance.

Clinical Features. The range of age at onset is
from early childhood to adult life. Hepatosple-
nomegaly usually precedes neurological dete-
rioration. The most common neurological
manifestations are seizures and mental regres-
sion. Mental regression varies from mild mem-
ory loss to severe dementia. Myoclonus and
myoclonic seizures develop in many patients.
Some combination of spasticity, ataxia, and
cranial nerve dysfunction may be present as
well. Vertical oculomotor apraxia, as described
in Niemann-Pick disease, may occur in late-
onset Gaucher disease as well.
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Diagnosis. Gaucher cells are present in the
bone marrow and are virtually diagnostic.
Confirmation requires the demonstration of
deficient glucocerebrosidase activity in hepa-
tocytes or leukocytes.

Management. Patients with chronic neurologi-
cal involvement benefit from bone marrow
transplantation. Transplantation corrects the
metabolic defect, improves blood counts, and
reduces increased liver volume. However, the
associated morbidity and mortality limit its
usefulness. Enzyme replacement therapy uses
imiglucerase (Cerezyme), a recombinant glu-
cosylceramidase enzyme preparation. Regular
intravenous infusions of imiglucerase are safe
and effective in reversing hematological and
visceral involvement, but not neurological
disease.

Globoid Cell Leukodystrophy
(Late-Onset Krabbe Disease)

Deficiency of the enzyme galactosylceramide
b-galactosidase causes globoid cell leukodys-
trophy (Wenger, 2007). Transmission is by
autosomal recessive inheritance. The onset
of symptoms in late infancy and in adoles-
cence can occur in the same family. The
severity of the enzyme deficiency is similar
in all phenotypes from early infancy to
adolescence.

Clinical Features. Neurological deterioration
usually begins between the ages of 2 and 6,
but may start as early as the second year or as
late as adolescence. The major features are
mental regression, cortical blindness, and
generalized or unilateral spasticity. The initial
feature may be progressive spasticity rather
than dementia. Unlike the infantile form,
peripheral neuropathy is not a feature of the
juvenile form, and the protein content of the
CSF is normal. Progressive neurological deteri-
oration results in a vegetative state.

Diagnosis. MRI shows diffuse demyelination of
the cerebral hemispheres. Demonstration of
enzyme deficiency in leukocytes or cultured
fibroblasts establishes the diagnosis.

Management. Hematopoietic stem cell trans-
plantation slows the course of disease in chil-
dren with infantile-onset Krabbe disease
diagnosed before symptom onset. Neurologi-
cal manifestations may reverse. Treatment is
supportive.
Metachromatic Leukodystrophy
(Late-Onset Lipidosis)

Deficiency of the enzyme arylsulfatase A causes
the juvenile and infantile forms of sulfatide
lipidosis (Fluharty, 2006). The late-infantile
metachromatic leukodystrophy comprises 50%
to 60% of cases; juvenile metachromatic leuko-
dystrophy comprises approximately 20% to
30%, and remaining cases are adult onset.
Genetic transmission of both is by autosomal
recessive inheritance. Two groups of mutations
in the gene encoding arylsulfatase A are identi-
fied as I and A. Patients with I mutations
generate no active enzyme, and those with A
mutations generate small amounts. Late-onset
disease is associated with an I-A genotype, and
the adult form with an A-A genotype correlates
with the clinical phenotype.

Clinical Features. Age at onset within a family
is usually similar. All individuals eventually
lose motor and intellectual functions. The dis-
ease course may be from 3 to 10 or more years
in the late-infantile-onset form and as long as
20 years or more in the juvenile- and adult-
onset forms. Death most commonly results
from pneumonia or other infection. In late-
infantile metachromatic leukodystrophy, the
onset is between 1 and 2 years of age. Typical
presenting symptoms include clumsiness, fre-
quent falls, toe walking, and slurred speech.
Weakness and hypotonia are observed initially.
Later signs include inability to stand, difficult
speech, deterioration of mental function,
increased muscle tone, pain in the arms and
legs, generalized or partial seizures, compro-
mised vision and hearing, and peripheral neu-
ropathy. The final stages include tonic spasms,
decerebrate posturing with rigidly extended
extremities, feeding by gastrostomy tube,
blindness, and general unawareness of sur-
roundings. Expected life span is approxi-
mately 3.5 years after onset of symptoms but
can be as long as 10 or more years with current
treatment approaches. The onset of symptoms
is generally between 5 and 10 years but may be
delayed until adolescence or occur as early as
late infancy. The early-onset juvenile form is
clinically different from the infantile-onset
form despite the age overlap. There are no
clinical symptoms of peripheral neuropathy,
progression is slow, and the protein content
of the CSF is normal.

Mental regression, speech disturbances,
and clumsiness of gait are the prominent ini-
tial features. The dementia usually progresses
slowly over a period 3 to 5 years but sometimes
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progresses rapidly to a vegetative state. A delay
of several years may separate the onset of
dementia from the appearance of other neu-
rological disturbances. Ataxia may be an early
and prominent manifestation. A spastic quad-
riplegia eventually develops in all affected chil-
dren, and most have seizures. Death usually
occurs during the second decade.

Diagnosis. The juvenile form can overlap in
age with the late-onset form, which usually
manifests as psychosis or dementia. MRI shows
demyelination in the cerebral hemispheres.
Motor nerve conduction velocities may be nor-
mal early in the course. Demonstration of defi-
ciency of arylsulfatase A in leukocytes or
cultured fibroblasts establishes the diagnosis.

Management. Treatment is supportive.

Mucopolysaccharidoses

The MPSs result from deficiencies of enzymes
involved in the catabolism of dermatan sulfate,
heparan sulfate, or keratin sulfate. At least
seven major types of MPSs are recognized.
Four of these, types I, II, III, and VII, affect
the nervous system and cause mental retarda-
tion. The onset of types I and III is in infancy
and was discussed previously. Types II and
VII ordinarily have their onset in childhood
after 2 or more years of normal development.

TYPE II MUCOPOLYSACCHARIDOSIS
(HUNTER SYNDROME)

This is the only MPS transmitted by X-linked
inheritance (Martin, 2007). The gene maps
to chromosome Xq28.

Clinical Features. Patients with the Hunter syn-
drome have a Hurler phenotype (see Table 5-8)
but lack corneal clouding. Iduronate sulfatase is
the deficient enzyme; dermatan sulfate and
heparan sulfate are stored in the viscera and
appear in the urine.

The Hurler phenotype may develop rapidly
or evolve slowly during childhood and go
unrecognized until the second decade or later.
A prominent feature is the appearance of a nod-
ular ivory-colored lesion on the back, usually
around the shoulders and upper arms. Affected
children have short stature and macrocephaly,
with or without communicating hydrocephalus,
macroglossia, hoarse voice, conductive and sen-
sorineural hearing loss, hepatomegaly and/or
splenomegaly, dysostosis multiplex, and joint
contractures that include ankylosis of the
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temporomandibular joint, spinal stenosis, and
carpal tunnel syndrome.

Mental regression caused by neuronal stor-
age of gangliosides is slowly progressive, but
many patients come to medical attention
because of chronic hydrocephalus. Affected
children survive into adult life. The accumula-
tion of storage materials in collagen causes the
entrapment of peripheral nerves, especially
the median and ulnar nerves.

Diagnosis. The presence of mucopolysacchari-
duria with equal excretion of dermatan sulfate
and heparan sulfate suggests the diagnosis.
Establishing the diagnosis requires showing
enzyme deficiency in cultured fibroblasts or
serum. The detection of iduronate sulfatase
activity in amniotic fluid is useful for prenatal
diagnosis.

Management. Treatment is supportive.

TYPE VII MUCOPOLYSACCHARIDOSIS
(SLY DISEASE)

Sly disease is a rare disorder caused by defi-
ciency of the enzyme b-glucuronidase. Trans-
mission is by autosomal recessive inheritance.

Clinical Features. The patient has an incom-
plete Hurler phenotype, with hepatosplenome-
galy, inguinal hernias, and dysostosis multiplex
as the major features. Corneal clouding does
not occur, and the face, although unusual,
is not typical of the Hurler phenotype. Psycho-
motor retardation develops after age 2 but not
in all cases.

Diagnosis. Both dermatan sulfate and heparan
sulfate are present in the urine, causing a
screening test to be positive for mucopolysac-
chariduria. Specific diagnosis requires the
demonstration of b-glucuronidase deficiency
in leukocytes or cultured fibroblasts.

Management. Treatment is supportive.

Niemann-Pick Disease Type C
(Sphingomyelin Lipidosis)

The chronic neuronopathic form of Niemann-
Pick disease type C is similar to the acute
infantile form except that onset is usually after
age 2, progression is slower, and there is no
specific racial predilection. The biochemical
defect is deficient esterification of cholesterol.
Transmission of the defect is by autosomal
recessive inheritance, and the gene maps to
chromosome 18q11-12 (Patterson, 2007).
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Clinical Features. Age at onset and predomi-
nant symptoms distinguish three phenotypes.
Characteristic of the early-onset form is orga-
nomegaly and rapidly progressive hepatic dys-
function during the first year, often in the first
6 months. Developmental delay occurs during
the first year, and neurological deterioration
(ataxia, vertical gaze apraxia, and dementia)
occurs between 1 and 3 years of age.

The delayed-onset form is more common
than the other two and has the most stereo-
typed clinical features. Early development is
normal. Cerebellar ataxia or dystonia is the
initial feature (mean age, 3 years), and apraxia
of vertical gaze and cognitive difficulties follow
(mean age, 6 years). Oculomotor apraxia,
in which the eyes move reflexively but not
voluntarily, is unusual in children (see Chap-
ter 15). Vertical gaze apraxia is particularly
uncommon and always suggests Niemann-
Pick disease type C. Progressive neurological
degeneration is relentless. Dementia, seizures,
and spasticity cause severe disability during the
second decade. Organomegaly is seldom
prominent early in the course.

The late-onset form begins in adolescence
or adult life. It is similar to the delayed-onset
form except that the progression is consider-
ably slower.

Diagnosis. Biochemical testing that demon-
strates impaired cholesterol esterification and
positive filipin staining in cultured fibroblasts
confirm the diagnosis.

Management. Treatment issupportive.Bonemar-
row transplantation, combined bone marrow
and liver transplantation, and cholesterol-
lowering therapy are not effective.
Infectious Diseases

Infectious diseases are an uncommon cause of
progressive dementia in childhood. Several
fungal species may cause chronic meningitis
characterized by personality change and some
decline in higher intellectual function. Crypto-
coccus infection is especially notorious for its
indolent course. However, the major features
of these infections are fever and headache.
Chronic meningitis is not a serious consider-
ation in the differential diagnosis of isolated
psychomotor regression.

In contrast, chronic viral infections, espe-
cially HIV (see “Acquired Immunodeficiency
Syndrome Encephalopathy”), may produce a
clinical picture similar to that of many genetic
disorders in which dementia is a prominent
feature.

Subacute Sclerosing Panencephalitis

Subacute sclerosing panencephalitis is a form
of chronic measles encephalitis that was once
endemic in several parts of the world but has
almost disappeared in countries that require
routine measles immunization (Honarmand
et al, 2004). In a nonimmunized population,
the average age at onset is 8 years. As a rule,
children with subacute sclerosing panen-
cephalitis have experienced natural infection
with the rubeola virus at an early age, half of
them before age 2 years. A concomitant infec-
tion with a second virus at the time of initial
exposure to measles and immunosuppression
are additional risk factors for subacute scleros-
ing panencephalitis. In the United States, the
incidence rates were highest in rural areas,
especially in the southeastern states and the
Ohio River Valley.

Clinical Features. The first symptoms of disease
are personality change and declining school per-
formance. Personality change may consist of
aggressive behavior or withdrawal, and parents
may seek psychological rather than medical ser-
vices. However, retinal examination during this
early stage shows pigmentary changes in the
macula. Generalized seizures, usuallymyoclonic,
develop next. An EEG at this time shows the
characteristic pattern of periodic bursts of
spike-wave complexes (approximately every 5–7
seconds) occurring synchronously with themyo-
clonic jerk. After the onset of seizures, the child
shows rapid neurological deterioration charac-
terized by spasticity, dementia, and involuntary
movements. Within 1 to 6 years from the onset
of symptoms, the child is in a chronic vegetative
state.

Diagnosis. Suspicion of the diagnosis comes
from the clinical course and an EEG charac-
terized by periodic high-amplitude sharp- and
slow-wave bursts associated with myoclonic
jerks. Confirmation requires demonstration
of an increased antibody titer against rubeola,
usually associated with increased g-globulin
concentrations, in the CSF. The CSF is other-
wise normal. The rubeola antibody titer in
blood is also markedly increased.

A similar progressive disorder of the ner-
vous system may occur in children who were
born with rubella embryopathy (chronic ru-
bella panencephalitis).
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Management. Some patients have improved or
stabilized after several 6-week treatments of
intraventricular interferon-alfa, starting at 105
U/m2 body surface area/day combined with oral
isoprinosine, 100 mg/kg/day. Repeat courses
up to six times at 2- to 6-month intervals.
Other Disorders of Gray Matter

Ceroid-Lipofuscinosis

Several neurodegenerative disorders charac-
terized by dementia and blindness are forms
of ceroid lipofuscinosis (Wisniewski, 2006).
When first described, the classification relied
on eponyms depending on the age at onset
(Table 5-10). The common pathological fea-
ture is the accumulation of autofluorescent
lipopigments, ceroid, and lipofuscin within
the brain, retina, and some visceral tissues.
Genetic transmission of all neuronal lipofusci-
noses is by autosomal recessive inheritance
except for one adult form. The early-infantile
form was described in a previous section. The
early and late juvenile disorders are allelic.
The early infantile, late infantile, and juvenile
forms map to different chromosomes.

LATE-INFANTILE NEURONAL
CEROID-LIPOFUSCINOSIS
(JANSKY-BIELSCHOWSKY DISEASE)

Clinical Features. Visual failure begins between
2 and 3 years of age and progresses slowly. The
onset of seizures and dementia is at 2 to 4
years. The seizures are myoclonic, akinetic,
and tonic-clonic and are usually refractory to
anticonvulsant drugs. Severe ataxia develops,
owing in part to seizures and in part to motor
system deterioration. Myoclonus, involuntary
movements, and dementia follow. Dementia
sometimes precedes the first seizure.

Ophthalmoscopic findings are abnormal
before visual symptoms occur. They include
Table 5-10 Neuronal Ceroid-Lipofuscinoses

Infantile (INCL)
Late Infantile
(cLINCL)

Other Names Santavuori-
Haltia disease

Jansky-Bielschowsk
disease

Age at Onset 6–12 mo 2–3 yr
Chromosome

Location
1p (CLN1) 11p15.5 (CLN2)

INCL, infantile neuronal ceroid lipofuscinosis; JNCL, juvenile
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attenuation of vessels, early optic atrophy, and
pigmentary degeneration of the macula. The
loss of motor, mental, and visual function is
relentlessly progressive, and within months the
child is in a chronic vegetative state. Death
occurs usually between 10 and 15 years.

Diagnosis. The finding of diminished ceroid
lipofuscinosis 2 protease activity in blood leads
to molecular genetic testing, which accom-
plishes antemortem and prenatal diagnosis.

Management. Seizures are difficult to control
but may respond in part to a combination
of anticonvulsant drugs (see Chapter 1). No
treatment is available for the underlying meta-
bolic error.

EARLY JUVENILE CEROID-LIPOFUSCINOSIS
(BATTEN)

Clinical Features. The onset of visual failure is
between 4 and 5 years, and the onset of sei-
zures and dementia is between 5 and 9 years.
Macular degeneration and pigmentary aggre-
gation are present on ophthalmoscopic exam-
ination. Loss of ambulation happens during
the second decade. Myoclonus is prominent.
Death occurs between 10 and 20 years.

Diagnosis. Molecular genetic testing is can be
provided.

Management. Treatment is the same as that for
the late-infantile form.

LATE JUVENILE CEROID-LIPOFUSCINOSIS
(SPIELMEYER-VOGT DISEASE)

Clinical Features. The mean age at onset of the
juvenile disease is 5 years, with a range of 4 to
10 years. Decreasing visual acuity is the most
prominent feature. Time to blindness is
shorter than in the early juvenile form. Oph-
thalmoscopic examination shows attenuation
Early Juvenile (JNCL) Late Juvenile

y Batten or Spielmeyer-
Vogt disease

Batten or Spielmeyer-
Vogt disease

4–10 yr 8–12 yr
16p12.1 (CLN3) 16p12.1 (CLN3)

neuronal ceroid lipofuscinosis.
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of retinal vessels, a patchy retinal atrophy that
resembles retinitis pigmentosa, mild optic
atrophy, and a granular discoloration of the
macula that may have a bull’s-eye appearance
with a dull red spot in the center.

Declining school performance and behav-
ioral disturbances are characteristic. Delusions
and hallucinations are common. Blindness
and dementia are the only symptoms for many
years. Late in the course of the disease, speech
becomes slurred and parkinson-like rigidity
develops. Myoclonic jerks and tonic-clonic sei-
zures begin some years after onset but are not
usually severe. Death usually occurs within 15
years of onset.

Diagnosis. Antemortem diagnosis is reasonably
certain because of the characteristic retinal
changes and is confirmed by skin and conjuncti-
val biopsy or molecular genetic testing. Finger-
print bodies are present in the cytoplasm of
several cell types. The electroretinogram shows
depression or absence of retinal potentials early
in the course. Leukocytes in the peripheral
blood are frequently abnormal. Translucent
vacuoles are present in lymphocytes, and azuro-
philic granules are present in neutrophils.

Management. Treatment is not available for
the underlying metabolic defect. Seizures usu-
ally respond to standard anticonvulsant drugs.

Huntington Disease

Huntington disease is a chronic degenerative
disease of the nervous system transmitted by
autosomal dominant inheritance. The Hun-
tington disease gene maps to chromosome
4p16.3 and encodes a protein known as
huntingtin. The function of huntingtin is
unknown. The gene contains an expanded tri-
nucleotide (CAG) repeat sequence. The nor-
mal number of repeats is less than 29. Adult-
onset Huntington disease patients usually have
more than 35 repeats, whereas juvenile-onset
patients often have 50 or more (Warby et al,
2007).

Clinical Features. The age at onset is usually
between 35 and 55 but may be as early as
2 years. Approximately 10% of affected chil-
dren show symptoms before 20 years of age
and 5% before 14 years of age. When Hunting-
ton disease begins in childhood, the father is
the affected parent in 83% of cases and may
be asymptomatic when the child is born.

The initial features are usually progressive
dementia and behavioral disturbances. Declining
school performance often brings the child to
medical attention. Rigidity, with loss of facial
expression and associative movements, is more
common than choreoathetosis and hyperkine-
sia in early-onset cases. Cerebellar dysfunction
occurs in approximately 20% of cases and can
be a major cause of disability. Ocular motor
apraxia may also be present (see Chapter 15).
Seizures, which are rare in adult-onset cases,
are present in 50% of affected children. The
course in childhood is relentlessly progressive,
and the average duration from onset to death
is 8 years.

Diagnosis. Reliable molecular testing is avail-
able to determine the size of the expanded
CAG repeat.

Management. Rigidity may be temporarily re-
lieved with levodopa, bromocriptine, and aman-
tadine. Neuroleptics are useful for behavioral
control, but treatment is not available for the
dementia.

Mitochondrial Encephalomyopathies

The mitochondrial encephalomyopathies are a
diverse group of disorders with defects of oxida-
tive metabolism. Descriptions of three such dis-
orders are in the section on progressive
encephalopathies of infancy. Progressive exter-
nal ophthalmoplegia ormyopathy is characteris-
tic of the later-onset mitochondrial disorders.
However, childhood dementia occurs in a syn-
drome of myoclonic epilepsy associated with
ragged-red fibers in skeletal muscle. Genetic
transmission is by maternal inheritance.

MYOCLONIC EPILEPSY
AND RAGGED-RED FIBERS

The syndrome of myoclonic epilepsy and
ragged-red fibers is caused by point mutations
in mtDNA. Ragged-red fibers usually indicate a
combined defect of respiratory complexes I and
IV (Sarnat and Marin-Garcia, 2005). Mutation
inmore than onemitochondrial gene produces
the phenotype. The severity of the clinical phe-
notype is proportional to the amount ofmutant
mtDNA (DiMauro and Hirano, 2005).

Clinical Features. Clinical heterogeneity is
common even among members of the same
family and ranges from severe central nervous
system dysfunction to myopathy. The four car-
dinal features are myoclonus, myoclonic epi-
lepsy, ataxia, and ragged-red fibers in muscle
biopsy specimens. Onset may be anytime
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during childhood or until the fourth decade.
An insidious decline in school performance is
often the initial feature, but generalized tonic-
clonic seizures or myoclonus may be the symp-
tom that first prompts medical consultation.
Seeing flickering lights or watching television
may induce seizures. Brief myoclonic twitching
develops, often induced by action (actionmyoc-
lonus), which may interfere with hand move-
ment and posture. Ataxia is a constant feature
as the disease progresses, and this may be due
to action myoclonus rather than cerebellar dys-
function. Some patients have hearing loss,
short stature, and exercise intolerance.

Neurological deterioration is progressive
and may include spasticity, sensory loss, and
central hypoventilation. Clinical evidence of
myopathy is not always present.

Diagnosis. Molecular genetic testing is avail-
able. The most common mutation, present in
more than 80% of individuals with typical find-
ings, is an A-to-G transition at nucleotide-8344
in the mtDNA gene MT-TK. Serum concentra-
tions of pyruvate and lactate may be increased.
The EEG shows slowing of the background
rhythms and a photoconvulsive response. Mus-
cle specimens of weak muscles show ragged-
red fibers (see Fig. 8-3) and increased punctu-
ate lipid within myofibers. Unaffected muscles
do not contain ragged-red fibers.

Management. Anticonvulsant therapy may pro-
vide seizure control early in the course but often
fails as the disease progresses. Avoid glucose
loads. Treatment is not available for the underly-
ing defect, but coenzyme Q10 (100 mg) and L-
carnitine (1000 mg) given three times daily are
often used in hopes of improvingmitochondrial
function.

Xeroderma Pigmentosum

Xeroderma pigmentosum is a group of
uncommon neurocutaneous disorders charac-
terized by susceptibility to sun-induced skin
disorders and progressive neurological deteri-
oration (Wattendorf and Kraemer, 2007).
Genetic transmission is autosomal recessive.
Several different gene mutations have been
associated with these disorders. In the United
States, the most common form is termed xero-
derma pigmentosum AC, and the gene maps to
chromosome 9q34.

Clinical Features. A photosensitive dermatitis
develops during the first year, and skin cancer
may develop as well. After age 3, progressive
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psychomotor retardation and poor head growth
lead tomicrocephaly. Sensorineural hearing loss
and spinocerebellar degeneration may develop
after age 7. Approximately one third of patients
are short in stature, and some have a phenotype
suggesting Cockayne syndrome, which is a sepa-
rate genetic error (see Chapter 7) but also
involves defective DNA repair.

Diagnosis. The typical skin rash and neurolog-
ical deterioration in both the central and
peripheral nervous systems suggest the diagno-
sis. Molecular genetic testing is available on a
research basis, but abnormal DNA repair is
demonstrable in cultured fibroblasts.

Management. Treatment is supportive. Radia-
tion is contraindicated.
Other Diseases of White Matter

Adrenoleukodystrophy

Adrenoleukodystrophy is a progressive demye-
lination of the central nervous system asso-
ciated with adrenal cortical failure (Moser
et al, 2006). Genetic transmission is X-linked.
Affected children have an impaired ability to
oxidize very long chain fatty acids, especially
hexacosanoic acid, because of deficiency of a
peroxisomal acyl coenzyme A synthetase. Very
long chain fatty acids accumulate in tissues
and plasma. Many cases previously designated
as Schilder disease were probably the juvenile
form of adrenoleukodystrophy.

Four phenotypes may coexist in the same
family. The cerebral form accounts for approx-
imately 56% of cases and is discussed in this
section; a slowly progressive adrenomyelo-
neuropathy accounts for 25% of cases (see
Chapter 12), and the remainder have only
Addison disease or are asymptomatic.

Clinical Features. The onset of the cerebral
form is usually between 4 and 8 years of age.
The first symptoms are usually an alteration
in behavior ranging from a withdrawn state
to aggressive outbursts. Poor school perfor-
mance follows invariably and may lead parents
to seek psychological services. Neurological
deterioration is then relentlessly progressive
and includes disturbances of gait and coordi-
nation, loss of vision and hearing, and ulti-
mate deterioration to a vegetative state.
Seizures are a late manifestation. The average
interval from onset to a vegetative state or
death is 3 years.
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Diagnosis. T2-weighted MRI shows high signal
intensity in the periventricular whitematter even
in asymptomatic individuals. Adrenal insuffi-
ciency, as evidenced by a subnormal response
to stimulation by corticotropin, may be demon-
strable even in asymptomatic children.

The level of very long chain fatty acids in
plasma is increased in males of all ages, even
in those who are asymptomatic and in 85% of
female carriers. Molecular genetics-based diag-
nosis is available but used primarily for genetic
counseling.

Management. Assessment of adrenal function
and corticosteroid replacement therapy can
be lifesaving but have no effect on nervous sys-
tem involvement. Bone marrow transplanta-
tion is an option for boys and adolescents
who are in the early clinical stages and have
MRI evidence of brain involvement. Dietary
therapy has no established benefit.

Cerebrotendinous Xanthomatosis

Cerebrotendinous xanthomatosis is a rare
lipid storage disease (Federico et al, 2008).

Clinical Features. Affected infants have diar-
rhea. Dementia begins in early childhood but
is insidious in its progression so that affected
children seem mildly retarded rather than
actively deteriorating. By age 15, cataracts are
present and tendinous xanthomas begin to
form. They are small at first and may go unno-
ticed until adult life. Progressive spasticity and
ataxia develop during adolescence, and the
patient becomes incapacitated in early adult
life. A demyelinating neuropathy may be pres-
ent as well. Speech and swallowing are
impaired, and death occurs from brainstem
dysfunction or myocardial infarction.

Diagnosis. The symptom complex of diarrhea,
cataracts, tendon xanthomas, and progressive
neurological deterioration establishes the diag-
nosis, but complete expression of all features
occurs late in the course. The presence of catar-
acts or Achilles tendon xanthoma is an indica-
tion for biochemical screening. Increased
plasma concentrations of cholestanol or xantho-
mas establish the diagnosis. MRI shows a pro-
gressive cerebral atrophy and demyelination.
Molecular genetic testing is clinically available.

Management. Long-term treatment with cheno-
deoxycholic acid normalizes bile acid synthesis,
normalizes plasma and CSF concentration of
cholestanol, and improves neurophysiological
findings. However, chenodeoxycholic acid is
only available in Italy. Inhibitors of 3-hydroxy-
3-methylglutaryl coenzyme A reductase alone
or in combination with chenodeoxycholic acid
are also effective in decreasing cholestanol
concentration and improving clinical signs;
however, they may induce muscle damage.
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C h a p t e r

6
The Hypotonic Infant
Tone is the resistance of muscle to stretch.
Clinicians test two kinds of tone: phasic and
postural. Phasic tone is a rapid contraction in
response to a high-intensity stretch. The ten-
don reflex response tests phasic tone. Striking
the patellar tendon briefly stretches the quad-
riceps muscle. The spindle apparatus, sensing
the stretch, sends an impulse through the sen-
sory nerve to the spinal cord. This information
is transmitted to the alpha motor neuron, and
the quadriceps muscle contracts (monosynaptic
reflex). Postural tone is the prolonged contrac-
tion of antigravity muscles in response to the
low-intensity stretch of gravity. When postural
tone is depressed, the trunk and limbs cannot
maintain themselves against gravity, and the
infant appears hypotonic.

The maintenance of normal tone requires
intact central and peripheral nervous systems.
Not surprisingly, hypotonia is a common symp-
tom of neurological dysfunction and occurs in
diseases of the brain, spinal cord, nerves, and
muscles (Table 6-1). One anterior horn cell
and all the muscle fibers that it innervates
make up amotor unit. The motor unit is the unit
of force. Therefore, weakness is a symptom of
all motor unit disorders. A primary disorder
of the anterior horn cell body is a neuronopathy,
a primary disorder of the axon or its myelin
covering is a neuropathy, and a primary disorder
of the muscle fiber is a myopathy. In infancy and
childhood, cerebral disorders are far more
common than motor unit disorders. The term
cerebral hypotonia encompasses all causes of pos-
tural hypotonia caused by cerebral diseases or
defects.
APPEARANCE OF HYPOTONIA

When lying supine, all hypotonic infants look
much the same, regardless of the underlying
cause or location of the abnormality in the
nervous system. Spontaneous movement is
lacking, full abduction of the legs places the
lateral surface of the thighs against the exam-
ining table, and the arms lie either extended
at the sides of the body or flexed at the elbows
with the hands beside the head. Pectus excava-
tum is present when the infant has long-standing
weakness in the chest wall muscles. Infants who
lie motionless eventually develop flattening of
the occiput and loss of hair on the portion of
the scalp that is in constant contact with the
crib sheet. When placed in a sitting posture,
the head falls forward, the shoulders droop,
and the limbs hang limply.

Newborns who are hypotonic in utero may
be born with hip dislocation, multiple joint
contractures (arthrogryposis), or both. Hip dis-
location is a common feature of intrauterine
hypotonia. The forceful contraction of muscles
pulling the femoral head into the acetabulum
is a requirement of normal hip joint formation.
Arthrogryposis varies in severity from isolated
clubfoot, the most common manifestation, to
symmetrical flexion deformities of all limb
joints. Joint contractures are a nonspecific
consequence of intrauterine immobilization.
However, among the several disorders that
equally decrease fetal movement, some com-
monly produce arthrogryposis and others never
do. Table 6-2 summarizes the differential diag-
nosis of arthrogryposis. As a rule, newborns with
arthrogryposis who require respiratory assis-
tance do not survive extubation unless the
underlying disorder is myasthenia. The traction
response, vertical suspension, and horizontal
suspension further evaluate tone in infants
who appear hypotonic at rest.
Traction Response

The traction response is the most sensitive
measure of postural tone and is testable in
premature newborns in an isolette. Grasping
the hands and pulling the infant toward a
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Table 6-1 Differential Diagnosis of Infantile Hypotonia

Cerebral Hypotonia

Benign congenital hypotonia
Chromosome disorders

Prader-Willi syndrome
Trisomy

Chronic nonprogressive encephalopathy
Cerebral malformation
Perinatal distress
Postnatal disorders

Infantile GM1 gangliosidosis (see Chapter 5)
Pyruvate carboxylase deficiency

Other genetic defects
Familial dysautonomia
Oculocerebrorenal syndrome (Lowe syndrome)

Other metabolic defects
Acid maltase deficiency (see “Metabolic
Myopathies”)

Peroxisomal disorders
Cerebrohepatorenal syndrome (Zellweger
syndrome)

Neonatal adrenoleukodystrophy

Spinal Cord Disorders

Spinal Muscular Atrophies

Acute infantile
Autosomal dominant
Autosomal recessive
Cytochrome-c oxidase deficiency
X-linked

Chronic infantile
Autosomal dominant
Autosomal recessive
Congenital cervical spinal muscular atrophy
Infantile neuronal degeneration
Neurogenic arthrogryposis

Polyneuropathies

Congenital hypomyelinating neuropathy
Giant axonal neuropathy (see Chapter 7)
Hereditary motor-sensory neuropathies (see Chapter 7)

Disorders of Neuromuscular Transmission

Familial infantile myasthenia
Infantile botulism
Transitory myasthenia gravis

Fiber-Type Disproportion Myopathies

Central core disease
Congenital fiber-type disproportion myopathy
Myotubular (centronuclear) myopathy

Acute
Chronic

Nemaline (rod) myopathy
Autosomal dominant
Autosomal recessive

Metabolic Myopathies

Acid maltase deficiency
Cytochrome-c oxidase deficiency

Muscular Dystrophies

Bethlem myopathy (see Chapter 7)
Congenital dystrophinopathy (see Chapter 7)
Congenital muscular dystrophy

Merosin deficiency primary
Merosin deficiency secondary
Merosin positive

Congenital myotonic dystrophy
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sitting position initiate the response. A nor-
mal-term infant lifts the head from the surface
immediately with the body (Fig. 6-1). When
the infant attains the sitting position, the head
is erect in the midline for a few seconds.
Table 6-2 Differential Diagnosis
of Arthrogryposis

Cerebral malformations
Cerebrohepatorenal syndrome
Chromosomal disorders
Fetal, non-nervous system causes
Motor unit disorders

Congenital benign spinal muscular atrophy
Congenital cervical spinal muscular atrophy
Congenital fiber-type disproportion myopathy
Congenital hypomyelinating neuropathy
Congenital muscular dystrophy
Genetic myasthenic syndromes
Infantile neuronal degeneration
Myotonic dystrophy
Neurogenic arthrogryposis
Phosphofructokinase deficiency
Transitory neonatal myasthenia

Nonfetal causes

154
During traction, the examiner should feel
the infant pulling back against traction and
observe flexion at the elbow, knee, and ankle.
The traction response is not present in prema-
ture newborns of less than 33 weeks’ gestation.
Figure 6-1 Normal traction response. The lift of
the head is almost parallel to the body, and there is
flexion in all limb joints. (Reprinted with permission
from Fenichel GM: Neonatal Neurology, 4th ed.
Philadelphia, Elsevier, 2007.)



Figure 6-2 Normal vertical suspension: The head is in themidline and the legs flex against gravity. (Reprinted
with permission from Fenichel GM: Neonatal Neurology, 4th ed. Philadelphia, Elsevier, 2007.)
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After 33 weeks, the neck flexors show increas-
ing success in lifting the head. At term, only
minimal head lag is present; after the infant
attains the sitting posture, the head may con-
tinue to lag or may be erect briefly and then
fall forward. The presence of more than mini-
mal head lag and failure to counter traction by
flexion of the limbs in the term newborn are
abnormal and indicate hypotonia.
Figure 6-3 Normal horizontal suspension. The head
rises intermittently, and the head and limbs resist
gravity. (Reprinted with permission from Fenichel GM:
Neonatal Neurology, 4th ed. Philadelphia, Elsevier,
2007.)
Vertical Suspension

To perform vertical suspension, the exam-
iner places both hands in the infant’s axillae
and, without grasping the thorax, lifts
straight up. The muscles of the shoulders
should have sufficient strength to press
down against the examiner’s hands and
allow the infant to suspend vertically without
falling through (Fig. 6-2). While in vertical
suspension, the head is erect in the midline
with flexion at the knee, hip, and ankle
joints. When suspending a hypotonic infant
vertically, the head falls forward, the legs
dangle, and the infant may slip through the
examiner’s hands because of weakness in
the shoulder muscles.
Horizontal Suspension

When suspended horizontally, a normal infant
keeps the head erect, maintains the back
straight, and flexes the elbow, hip, knee, and
ankle joints (Fig. 6-3). A healthy full-term new-
born makes intermittent efforts to maintain
the head erect, the back straight, and the limbs
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Table 6-3 Combined Cerebral and Motor
Unit Hypotonia

Acid maltase deficiency
Familial dysautonomia
Giant axonal neuropathy
Hypoxic-ischemic encephalomyopathy
Infantile neuronal degeneration
Lipid storage diseases
Mitochondrial (respiratory chain) disorders
Neonatal myotonic dystrophy
Perinatal asphyxia secondary to motor unit disease

Table 6-5 Clues to Cerebral Hypotonia

Abnormalities of other brain functions
Dysmorphic features
Fisting of the hands
Malformations of other organs
Movement through postural reflexes
Normal or brisk tendon reflexes
Scissoring on vertical suspension
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flexed against gravity. Hypotonic newborns and
infants drape over the examiner’s hands, with
the head and legs hanging limply.
APPROACH TO DIAGNOSIS

The first step in diagnosis is to determine
whether the disease location is in the brain,
spine, or motor unit. More than one site may be
involved (Table 6-3). The brain and the periph-
eral nerves are concomitantly involved in some
lysosomal and mitochondrial disorders. Both
brain and skeletal muscles are abnormal in
infants with acidmaltase deficiency and congeni-
tal myotonic dystrophy. Newborns with severe
hypoxic-ischemic encephalopathy may have hy-
poxic injury to the spinal cordaswell as the brain.
Several motor unit disorders produce sufficient
hypotonia at birth to impair respiration and
cause perinatal asphyxia (Table 6-4). Such in-
fants may then have cerebral hypotonia as well.
Newbornswith spinal cord injuries are frequently
the product of long, difficult deliveries in which
brachial plexus injuries and hypoxic-ischemic
encephalopathy are concomitant problems.

Clues to the Diagnosis of Cerebral
Hypotonia

Cerebral hypotonia in newborns usually does
not pose diagnostic difficulty. The history and
physical examination identify the problem.
Table 6-4 Motor Unit Disorders with
Perinatal Respiratory Distress

Acute infantile spinal muscular atrophy
Congenital hypomyelinating neuropathy
Congenital myotonic dystrophy
Familial infantile myasthenia
Neurogenic arthrogryposis
X-linked myotubular myopathy
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Many clues to the diagnosis of cerebral hypo-
tonia exist (Table 6-5). Most important is the
presence of other abnormal brain functions:
decreased consciousness and seizures. Cere-
bral malformation is the likely explanation
for hypotonia in an infant with dysmorphic
features or with malformations in other
organs.

A tightly fisted hand in which the thumb is
constantly enclosed by the other fingers and
does not open spontaneously (fisting) and
adduction of the thighs so that the legs are
crossed when the infant is suspended vertically
(scissoring) are early signs of spasticity and indi-
cate cerebral dysfunction. Eliciting postural
reflexes in newborns and infants when sponta-
neous movement is lacking indicates cerebral
hypotonia. In some acute encephalopathies,
and especially in metabolic disorders, the
Moro reflex may be exaggerated. The tonic
neck reflex is an important indicator of cere-
bral abnormality if the responses are excessive
or obligatory or persist beyond 6 months of
age. When hemispheric damage is severe
but the brainstem is intact, turning the head
produces full extension of both ipsilateral
limbs and tight flexion on the contralateral
side. An obligatory reflex is one in which
these postures are maintained as long as the
head is kept rotated. Tendon reflexes are
generally normal or brisk, and clonus may
be present.
Clues to Motor Unit Disorders

Disorders of the motor unit are not associated
with malformations of other organs except for
joint deformities and the maldevelopment of
bony structures. The face sometimes looks dys-
morphic when facial muscles are weak or
when the jaw is underdeveloped.

Tendon reflexes are absent or depressed.
Loss of tendon reflexes that is out of propor-
tion to weakness is more likely caused by neu-
ropathy than myopathy, whereas diminished
reflexes that are consistent with the degree of



Table 6-6 Clues to Motor Unit Disorders

Absent or depressed tendon reflexes
Failure of movement on postural reflexes
Fasciculations
Muscle atrophy
No abnormalities of other organs
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weakness are more often caused by myopathy
than neuropathy (Table 6-6). Muscle atrophy
suggests motor unit disease but does not
exclude the possibility of cerebral hypotonia.
Failure of growth and even atrophy can be
considerable in brain-damaged infants. The
combination of atrophy and fasciculations is
strong evidence of denervation. However, the
observation of fasciculations in newborns and
infants is often restricted to the tongue, and
distinguishing fasciculations from normal ran-
dom movements of an infant’s tongue is diffi-
cult unless atrophy is present.

Postural reflexes, such as the tonic neck
and Moro reflex, are not imposable on weak
muscles. The motor unit is the final common
pathway of tone; limbs that will not move vol-
untarily cannot move reflexively.
CEREBRAL HYPOTONIA

Hypotonia is a feature of almost every cerebral
disorder in newborns and infants. This section
does not deal with conditions that have states
of decreased consciousness, seizures, and pro-
gressive psychomotor retardation as major
symptoms. Rather, the discussion focuses on
conditions in which hypotonia is sufficiently
prominent that the examining physician may
consider the possibility of motor unit disease.
Benign Congenital Hypotonia

The term benign congenital hypotonia is ret-
rospective and refers to infants who are
hypotonic at birth or shortly thereafter and
later have normal tone. It encompasses many
different pathological processes that affect
the brain, the motor unit, or both. The
majority of affected children have cerebral
hypotonia. An increased incidence of mental
retardation, learning disabilities, and other
sequelae of cerebral abnormality is evident
later in life, despite the recovery of normal
muscle tone.
Chromosomal Disorders

Despite considerable syndrome diversity, com-
mon characteristics of autosomal chromosome
aberrations in the newborn are dysmorphic
features of the hands and face and profound
hypotonia. For this reason, any hypotonic new-
born with dysmorphic features of the hands
and face, with or without other organ malfor-
mation, requires chromosome studies.

MECP2 Duplication Syndrome

The MECP2 syndrome occurs only in males;
inheritance is as an X-linked trait (Van Esch,
2008).

Clinical Features. Infantile hypotonia, severe
mental retardation with absence of speech, pro-
gressive spasticity, recurrent respiratory infec-
tions, and seizures are characteristic of the
syndrome. During the first weeks of life, feeding
difficulties resulting from hypotonia become
evident. The child may exhibit difficulty swal-
lowing and extensive drooling. In some cases,
nasogastric tube feeding is required. Dysmor-
phic features include brachycephaly, midfacial
hypoplasia, large ears, and flat nasal bridge.

Generalized tonic-clonic seizures are com-
mon, and absence and atonic seizures occur
as well. One third of males are never able to
walk independently. Almost 50% die before
age 25 years, presumably from complications
of recurrent infection. Growth measurements
at birth, including head circumference, are
usually normal.

Because of hypotonia, delayed motor devel-
opment is the rule. Walking begins late; some
individuals have an ataxic gait, and one third
never walk independently. Most never develop
speech, and some individuals who attained
limited speech lose it in adolescence. Hypoto-
nia gives way to spasticity in childhood. The
spasticity is greatest in the legs; mild contrac-
tures may develop over time. Use of a wheel-
chair is often necessary in adulthood.

Diagnosis. Duplications ofMECP2 ranging from
0.3 to 2.3 Mb are observable in all affectedmales
and identified by commercially available genetic
testing.

Management. Treatment is symptomatic.

Prader-Willi Syndrome

Prader-Willi syndrome is characterized by hypo-
tonia, hypogonadism, mental retardation, short
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Table 6-7 Difficulty of Feeding
in the Alert Newborn

Congenital myotonic dystrophy
Familial dysautonomia
Genetic myasthenic syndromes
Hypoplasia of bulbar motor nuclei (see Chapter 17)
Infantile neuronal degeneration
Myophosphorylase deficiency
Neurogenic arthrogryposis
Prader-Willi syndrome
Transitory neonatal myasthenia
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stature, and obesity (Cassidy and Schwartz,
2006). Approximately 70% of children with this
syndrome have an interstitial deletion of the
paternally contributed proximal long arm of
chromosome 15(q11-13). The basis for the syn-
drome in most patients who do not have a
deletion is maternal disomy (both chromosomes
15 are from the mother). Paternal disomy of
the same region of chromosome 15 causes
Angelman syndrome.

Clinical Features. Decreased fetal movement
occurs in 75% of pregnancies, hip dislocation in
10%, and clubfoot in 6%. Hypotonia is profound
at birth, and tendon reflexes are absent or greatly
depressed. Feeding problems are invariable, and
prolonged nasogastric tube feeding is common
Table 6-8 Criteria for the Clinical Diagnosis of P

Major Criteria

Neonatal and infantile central hypotonia with poor
suck and improvement with age

Feeding problems and/or failure to thrive in infancy,
with need for gavage or other special feeding
techniques

Onset of rapid weight gain between 12 months and
6 years of age, causing central obesity

Hyperphagia
Characteristic facial features: narrow bifrontal

diameter, almond-shaped palpebral fissures, down-
turned mouth

Hypogonadism
Genital hypoplasia: small labia minora and clitoris

in females; hypoplastic scrotum and
cryptorchidism in males

Incomplete and delayed puberty
Infertility

Developmental delay/mild to moderate mental
retardation/multiple learning disabilities

Minor Criteria

Decreased fetal movement and infantile lethargy,
improving with age

EMG, electromyography; NCV, nerve conduction velocity.
Data from Cassidy SS, Schwartz S: Prader-Willi syndrome. In Gene
Seattle, University of Washington, July 12, 2006. Available at: h

158
(Table 6-7). Cryptorchidism is present in 84%
and hypogenitalism in 100%. However, some
newborns lack the associated features and only
show hypotonia (Miller et al, 1999).

Both hypotonia and feeding difficulties per-
sist until 8 to 11 months of age and then are
replaced by relatively normal muscle tone
and insatiable hunger. Delayed developmental
milestones and later mental retardation are
constant features. Minor abnormalities that
become more obvious during infancy include
a narrow bifrontal diameter of the skull, stra-
bismus, almond-shaped eyes, enamel hypopla-
sia, and small hands and feet. Obesity is the
rule during childhood. The combination of
obesity and minor abnormalities of the face
and limbs produces a resemblance among
children with this syndrome.

Major and minor clinical criteria are estab-
lished (Table 6-8). Weighting of major criteria
is 1 point each; minor criteria are ½ point each.
For children younger than 3 years of age, 5
points are required for diagnosis, 4 of which
must be major criteria. For individuals 3 years
of age and older, 8 points are required for diag-
nosis, at least 5 of which must be major criteria.
Supportive findings only increase or decrease
the level of suspicion of the diagnosis.

Diagnosis. The mainstay of diagnosis is DNA-
based testing to detect abnormal parent-specific
rader-Willi Syndrome

Typical behavior problems, including temper
tantrums, obsessive-compulsive behavior,
stubbornness, rigidity, stealing, and lying

Sleep disturbance/sleep apnea
Short stature for the family by 15 years of age
Hypopigmentation
Small hands and feet for height age
Narrow hands with straight ulnar border
Esotropia, myopia
Thick, viscous saliva
Speech articulation defects
Skin picking

Supportive Findings

High pain threshold
Decreased vomiting
Scoliosis and/or kyphosis
Early adrenarche
Osteoporosis
Unusual skill with jigsaw puzzles
Normal neuromuscular studies (e.g., muscle biopsy,

EMG, NCV)

Clinics: Medical Genetic Knowledge Base [online database].
ttp://www.geneclinics.org.
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imprintingwithin the Prader-Willi critical region
on chromosome 15. This testing determines
whether the region is maternally inherited only
(the paternally contributed region is absent)
and detects more than 99% of individuals.

Management. In infancy, special nipples or
gavage feeding ensures adequate nutrition.
Physical therapy may improve muscle strength.
Strabismus and cryptorchidism require treat-
ment. Growth hormone replacement therapy
normalizes height and increases lean body
mass. Medication for behavior modification
is a consideration. Replacement of sex hor-
mones produces adequate secondary sexual
characteristics.

Chronic Nonprogressive
Encephalopathy

Cerebral dysgenesis may be due to known or
unknown noxious environmental agents, chro-
mosomal disorders, or genetic defects. In the
absence of an acute encephalopathy, hypotonia
may be the only symptom at birth or during
early infancy. Hypotonia is usually worse at
birth and improves with time. Suspect cerebral
dysgenesis when hypotonia is associated with
malformations in other organs or abnormal-
ities in head size and shape. Magnetic reso-
nance imaging (MRI) of the brain is advisable
when suspecting a cerebral malformation. The
identification of a cerebral malformation pro-
vides useful information not only for prognosis
but also on the feasibility of aggressive therapy
to correct malformations in other organs.

Brain injuries occur in the perinatal period
and, less commonly, throughout infancy sec-
ondary to anoxia, hemorrhage, infection, and
trauma. The sudden onset of hypotonia in a
previously well newborn or infant, with or with-
out signs of encephalopathy, always suggests a
cerebral cause. The premature newborn who
shows a decrease in spontaneous movement
and tone may have an intraventricular hemor-
rhage. Hypotonia is an early feature of menin-
gitis in full-term and premature newborns.
Tendon reflexes may be diminished or absent
during the acute phase.

Genetic Disorders

Familial Dysautonomia

Familial dysautonomia, Riley-Day syndrome, is a
genetic disorder transmitted by autosomal
recessive inheritance in Ashkenazi Jews (Shohat
and Halpern, 2007). The abnormality is in the
IKBKAP gene, located on chromosome 9q31-
q33, which encodes the Elongator complex
protein 1. Similar clinical syndromes also occur
in non-Jewish infants that are often sporadic
and with an unknown pattern of inheritance.

Clinical Features. In the newborn, the impor-
tant clinical features are meconium aspiration,
poor or no sucking reflex, and hypotonia. The
causes of hypotonia are disturbances in the
brain, dorsal root ganglia, and peripheral
nerves. Tendon reflexes are hypoactive or
absent. Feeding difficulty is unusual and pro-
vides a diagnostic clue. Sucking and swallow-
ing are normal separately but cannot be
coordinated for effective feeding. Other
noticeable clinical features of newborns or
infants are pallor, temperature instability,
absence of fungiform papillae of the tongue,
diarrhea, and abdominal distention. Poor
weight gain and lethargy, episodic irritability,
absent corneal reflexes, labile blood pressure,
and failure to produce overflow tears com-
plete the clinical picture.

Diagnosis. Mutation analysis is diagnostic. Two
mutations account for more than 99% of
mutant genes in individuals with familial dysau-
tonomia of Ashkenazi descent. Ophthalmolog-
ical examination is useful to detect the signs of
postganglionic parasympathetic denervation:
supersensitivity of the pupil, shown by a posi-
tive miotic response to 0.1% pilocarpine or
2.5% methacholine, corneal insensitivity, and
absence of tears.

Management. Treatment is symptomatic. Im-
proved treatment of symptoms has increased
longevity.

Oculocerebrorenal Syndrome
(Lowe Syndrome)

Lowe syndrome is caused by markedly reduced
activity of the enzyme inositol polyphosphate
5-phosphatase OCRL1. Transmission is by X-
linked recessive inheritance. Female carriers
show partial expression in the form of minor
lenticular opacities (Lewis et al, 2007).

Clinical Features. Lowe syndrome (oculocereb-
rorenal syndrome) involves the eyes, central
nervous system, and kidneys. All affected boys
have dense cataracts and half have glaucoma.
Table 16-2 lists the differential diagnosis of
cataracts in newborns and infants. Corrected
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acuity is rarely better than 20/100. Hypotonia
is present at birth, and the tendon reflexes
are usually absent. Hypotonia may improve,
but tone is never normal. Motor milestones
are achieved slowly, and all boys have some
degree of intellectual impairment. In addi-
tion, all boys have some degree of proximal
renal tubular dysfunction of the Fanconi type,
including bicarbonate wasting and renal tubu-
lar acidosis, phosphaturia with hypophospha-
temia and renal rickets, aminoaciduria, low
molecular weight proteinuria, sodium and
potassium wasting, and polyuria. Slowly pro-
gressive chronic renal failure is the rule, result-
ing in end-stage renal disease after 10 to 20
years of age.

Diagnosis. Diagnosis depends on recognition
of the clinical constellation. MRI shows diffuse
and irregular foci of increased signal consis-
tent with demyelination. The diagnosis is
established by demonstrating reduced (<10%
of normal) activity of inositol polyphosphate
5-phosphatase OCRL1 in cultured skin fibro-
blasts. Such testing is available clinically.

Management. Symptomatic treatment includes
early removal of cataracts, nasogastric tube feed-
ings or feeding gastrotomy to achieve appropri-
ate nutrition, occupational or speech therapy
to address feeding problems, standardmeasures
for gastroesophageal reflux, and programs to
promote optimal psychomotor development.

Peroxisomal Disorders

Peroxisomes are subcellular organelles that
participate in the biosynthesis of ether phos-
pholipids and bile acids; the oxidation of very-
long-chain fatty acids, prostaglandins, and
unsaturated long-chain fatty acids; and the
catabolism of phytanate, pipecolate, and glyco-
late. Hydrogen peroxide is a product of sev-
eral oxidation reactions and is catabolized
by the enzyme catalase. Mutations in 11 differ-
ent PEX genes cause this spectrum of disor-
ders. PEX genes encode the proteins required
for peroxisomal assembly.

The infantile syndromes of peroxisomal
dysfunction are all disorders of peroxisomal
biogenesis; the intrinsic protein membrane is
identifiable, but all matrix enzymes are miss-
ing. The clinical spectrum of disorders of per-
oxisomal biogenesis includes the prototype,
cerebrohepatorenal (Zellweger) syndrome, as
well as neonatal adrenoleukodystrophy and
infantile Refsum disease (see Chapter 16).
The latter two disorders are milder variants.
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Infantile hypotonia is a prominent feature of
peroxisomal biogenesis disorders (Steinberg
et al, 2006).

Clinical Features. Affected newborns respond
poorly and have severe hypotonia, arthrogrypo-
sis, and dysmorphic features. Sucking and
crying are weak. Tendon reflexes are hypoac-
tive or absent. Characteristic craniofacial abnor-
malities include a pear-shaped head owing to
a high forehead and an unusual fullness of
the cheeks, widened sutures, micrognathia,
a high-arched palate, flattening of the bridge
of the nose, and hypertelorism. Organ ab-
normalities include biliary cirrhosis, polycystic
kidneys, retinal degeneration, and cerebral
malformations secondary to abnormalities of
neuronal migration.

Limited extension of the fingers (campto-
dactyly) and flexion deformities of the knee
and ankle characterize the arthrogryposis.
Neonatal seizures are common. Bony stippling
(chondrodysplasia punctata) of the patella and
other long bones may occur. Older children
have retinal dystrophy, sensorineural hearing
loss, developmental delay with hypotonia, and
liver dysfunction. Infants with Zellweger
syndrome are significantly impaired and usu-
ally die during the first year of life, usually
having made no developmental progress.
The clinical courses of neonatal adrenoleu-
kodystrophy and infantile Refsum disease are
variable; some children can be very hypotonic,
and others learn to walk and talk. These condi-
tions are often slowly progressive.

Difficult-to-control seizures often begin
shortly after birth, but may commence any-
time during infancy. Death from aspiration,
gastrointestinal bleeding, or liver failure usu-
ally occurs within 6 months to 1 year.

Diagnosis. Diagnosis is establised definitely
by biochemical assay. Confirm biochemical
abnormalities detected in blood and/or
urine with cultured fibroblasts. Measurement
of plasma very-long-chain fatty acid levels
is the most commonly used and most infor-
mative. Increases in C26:0 and C26:1 and
the ratios C24/C22 and C26/C22 are consis-
tent with a defect in peroxisomal fatty acid
metabolism.

Management. Treatment is symptomatic, using
anticonvulsants for seizures, vitamin K for
bleeding disorders, hearing aids, cataract
removal in infancy, and other initiatives as
needed.



Chapter 6 The Hypotonic Infant
Pyruvate Carboxylase Deficiency

Neonatal hypotonia, tachypnea, andmovement
disorders are the initial features of pyruvate
carboxylase deficiency (Garcia-Cazorla et al,
2006).

Clinical Features. All affected newborns are
conscious, but hypotonic and tachypneic dur-
ing the first hours after birth. High-amplitude
tremor of the limbs is the rule, and bizarre eye
movements are present in some affected in-
fants. Seizures are uncommon. A rapid fatal out-
come is the rule.

Diagnosis. Hypoglycemia, lactic acidosis, and
hypercitrullinemia are consistent findings. Brain
MRI shows cystic periventricular leukomalacia.

Treatment. Diet therapy, in the first hours post-
partum, with triheptanoin and citrate reverses
the biochemical errors. The long-term outcome
is not established.

Other Metabolic Defects

Infantile hypotonia is rarely the only manifes-
tation of inborn errors of metabolism. Acid
maltase deficiency causes a severe myopathy
and is discussed with other metabolic myopa-
thies. Hypotonia may be the only initial fea-
ture of generalized GM1 gangliosidosis (see
Chapter 5).
SPINAL CORD DISORDERS

Hypoxic-Ischemic Myelopathy

Hypoxic-ischemic encephalopathy is an expect-
ed outcome in severe perinatal asphyxia (see
Chapter 1). Affected newborns are hypotonic
and areflexic. The main cause of hypotonia is
the cerebral injury, but spinal cord dysfunction
also contributes. Concurrent ischemic necrosis
of gray matter occurs in the spinal cord and
the brain. The spinal cord component is evi-
dent on postmortem examination and by elec-
tromyography (EMG) in survivors.
Spinal Cord Injury

Only in the newborn does spinal cord injury
enter the differential diagnosis of hypotonia.
Injuries to the cervical spinal cord occur
almost exclusively during vaginal delivery;
approximately 75% are associated with breech
presentation and 25% with cephalic presenta-
tion. Because the injuries are always associated
with a difficult and prolonged delivery, decreas-
ed consciousness is common and hypotonia is
falsely attributed to asphyxia or cerebral
trauma. However, the presence of impaired
sphincter function and loss of sensation below
the midchest should suggest myelopathy.

Injuries in Breech Presentation

Traction injuries to the lower cervical and
upper thoracic regions of the cord occur
almost exclusively when the angle of extension
of the fetal head exceeds 90%. Indeed, the
risk of spinal cord injury to a fetus in the
breech position whose head is hyperextended
is more than 70%. In such cases, delivery
should always be by cesarean section. The trac-
tional forces applied to the extended head are
sufficient not only to stretch the cord but also
to cause herniation of the brainstem through
the foramen magnum. In addition, the hyper-
extended position compromises the vertebral
arteries as they enter the skull.

The spectrum of pathological findings varies
from edema of the cord without loss of anatomi-
cal continuity to massive hemorrhage (epidural,
subdural, and intramedullary). Hemorrhage is
greatest in the lower cervical and upper thoracic
segments but may extend the entire length of
the cord. Concurrent hemorrhage in the poste-
rior fossa and laceration of the cerebellum may
be present as well.

Clinical Features. Mild tractional injuries,
which cause cord edema but not intrapar-
enchymal hemorrhage or loss of anatomical
continuity, produce few clinical features. The
main feature is hypotonia, often falsely attrib-
uted to asphyxia.

Hemorrhage into the posterior fossa accom-
panies severe tractional injuries. Affected
newborns are unconscious and atonic at birth,
with flaccid quadriplegia and diaphragmatic
breathing. Few survive the neonatal period.
Injuries restricted to the low cervical and
high thoracic segments produce near-normal
strength in the biceps muscles and weakness
of the triceps muscles. The result is flexion of
the arms at the elbows and flaccid paraplegia.
Spontaneous movement and tendon reflexes
in the legs are absent, but foot withdrawal from
pinprick may occur as a spinal reflex. The
infant has a distended bladder and dribbling
of urine. Absence of sweating below the injury
marks the sensory level, which is difficult to
measure directly.
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Table 6-9 Evaluation of Motor Unit
Disorders

DNA-based testing
Edrophonium chloride (Tensilon test)
Electrodiagnosis

Electromyography
Nerve conduction studies
Repetitive stimulation

Muscle biopsy
Nerve biopsy
Serum creatine kinase
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Diagnosis. Radiographs of the vertebrae show
no abnormalities because bony displacement
does not occur. MRI of the spine shows
intraspinal edema and hemorrhage. Uncon-
scious newborns are generally thought to have
intracerebral hemorrhage or asphyxia (see
Chapter 2), and the diagnosis of spinal cord
injury may not be considered until conscious-
ness is regained and the typical motor deficits
are observed. Even then, the suspicion of a
neuromuscular disorder may exist until dis-
turbed bladder function and the development
of progressive spastic paraplegia alert the phy-
sician to the correct diagnosis.

Management. The treatment of spinal cord
traction injuries of the newborn is similar to
the management of cord injuries in older chil-
dren (see Chapter 12).

Injuries in Cephalic Presentation

Twisting of the neck during midforceps rota-
tion causes high cervical cord injuries in
cephalic presentation. The trunk fails to rotate
with the head. The risk is greatest when amni-
otic fluid is absent because of delay from the
time of membrane rupture to the application
of forceps. The spectrum of injury varies from
intraparenchymal hemorrhage to complete
transection. Transection usually occurs at the
level of a fractured odontoid process, with
atlantoaxial dislocation.

Clinical Features. Newborns are flaccid and fail
to breathe spontaneously. Those with milder
injuries may have shallow, labored respira-
tions, but all require assisted ventilation at
birth. Most are unconscious at birth owing to
edema in the brainstem. When conscious, eye
movements, sucking, and the withdrawal reflex
are the only movements observed. Tendon
reflexes are at first absent but later become
exaggerated if the child survives. Bladder disten-
tion and overflow incontinence occur. Priapism
may be present. Sensation is difficult to assess
because the withdrawal reflex is present.

Death from sepsis or respiratory complica-
tions generally occurs in the first week. Occa-
sionally children have survived for several years.

Diagnosis. The appearance of high cervical
cord injuries in children suggests a neuromus-
cular disorder, especially infantile spinal mus-
cular atrophy, because the limbs are flaccid
but the eye movements are normal. EMG of
the limbs should exclude that possibility.
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Radiographs of the cervical vertebrae usually
do not show abnormalities, but MRI shows
marked thinning or disruption of the cord at
the site of injury.

Management. Begin intubation and respiratory
assistance before diagnosis. Chapter 12 discus-
ses management of spinal cord transection.
MOTOR UNIT DISORDERS

Evaluation of Motor Unit Disorders

In the diagnosis of cerebral hypotonia in
infants, the choice of laboratory tests varies
considerably, depending on the disease entity
(Table 6-9). This is not the case with motor
unit hypotonia. The available battery of tests
readily defines the anatomy and cause of path-
ological processes affecting the motor unit.
DNA-based testing is now commercially avail-
able for many disorders and preferable to
muscle or nerve biopsy.

Serum Creatine Kinase

Increased serum concentrations of creatine
kinase (CK) reflect skeletal or cardiac muscle
necrosis. Obtain blood for CK level determina-
tion before performing EMG or muscle
biopsy. Both transiently increase the serum
concentration of CK. The basis for laboratory
reference values for the normal serum con-
centration is that of nonambulatory adults.
Normal values tend to be higher in an ambula-
tory population, especially after exercise. The
serum concentration of CK in severely
asphyxiated newborns is as high as 1000 IU/L
secondary to acidosis. Even normal newborns
have a higher than normal concentration dur-
ing the first 24 hours postpartum. A normal
CK level in a hypotonic infant is strong
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evidence against a rapidly progressive myopa-
thy, but it does not exclude fiber-type dispro-
portion myopathies and some metabolic
myopathies. Conversely, expect mild increases
in CK concentration in rapidly progressive
spinal muscular atrophies.

Electrodiagnosis

EMG is extremely useful in the diagnosis of
infantile hypotonia when an experienced phy-
sician performs the study. It enables the pre-
diction of the final diagnosis in most infants
younger than 3 months of age with hypotonia
of motor unit origin. Hypotonic infants with
normal EMG findings rarely show abnormalities
on muscle biopsy. The needle portion of the
study helps to distinguish between myopathic
and neuropathic processes. The appearance
of brief, low-amplitude, polyphasic potentials
characterizes myopathies, whereas the presence
of denervation potentials at rest (fibrillations,
fasciculations, sharp waves) and motor unit
potentials that are large, prolonged, and poly-
phasic characterizes denervation. Studies of
nerve conduction velocity are useful in distin-
guishing axonal from demyelinating neuropa-
thies; demyelinating neuropathies cause greater
slowing of conduction velocity. Repetitive nerve
stimulation studies demonstrate disturbances in
neuromuscular transmission.

Muscle Biopsy

The muscle selected for biopsy should be weak
but still able to contract. Histochemical analy-
sis is essential for the complete evaluation of
muscle histology. The demonstration of fiber
types, muscle proteins, and storage materials
is required. The intensity of the reaction to
myosin adenosine triphosphatase at pH 9.4
arbitrarily divides skeletal muscle into two
fiber types. Type I fibers react weakly to aden-
osine triphosphatase, are characterized by oxi-
dative metabolism, and serve a tonic function.
Type II fibers react intensely to adenosine tri-
phosphatase, use glycolytic metabolism, and
serve a phasic function. Type I and II fibers
are generally equal in number and randomly
distributed in each fascicle. Abnormalities in
fiber type number, fiber type size, or both
characterize some disorders.

Chapter 7 describes and illustrates the
structural proteins of muscle. Merosin is the
main protein associated with congenital mus-
cular dystrophy (CMD). The important stor-
age materials identified in skeletal muscle are
glycogen and lipid. In most storage disorders,
vacuoles are present in the fibers that contain
the abnormal material. Light microscopy
reveals the vacuoles, and histochemical reac-
tions identify the specific material.

Nerve Biopsy

The role of sural nerve biopsy is limited in the
diagnosis of infantile hypotonia, and it is not per-
formed unless electrodiagnosis discloses sural
neuropathy. Its main utility is in the diagnosis
of vasculitis, although abnormalities such as
onion bulb formations may be seen (Dejerine-
Sottas syndrome; seeChapter 7). The latter diag-
nosis is suspected based on abnormal nerve
conduction studies and may be confirmed by
genetic testing.

Tensilon Test

Edrophonium chloride (Tensilon) is a rapidly
acting anticholinesterase that temporarily
reverses weakness in patients with myasthenia.
Ptosis and oculomotor paresis are the only
functions that are reliably tested. Rare patients
are supersensitive to edrophonium chloride
and may stop breathing because of depolariza-
tion of endplates or an abnormal vagal re-
sponse. Equipment for mechanical ventilation
should always be available when performing
the test. In newborns, a subcutaneous injection
of 0.15 mg/kg produces a response within 10
minutes. In infants, administer the drug intrave-
nously at a dose of 0.2 mg/kg; weakness is
reversed within 1 minute.

I discourage the use of this test and never
perform it. The danger of causing apnea is real
and the measure of response too subjective.
Spinal Muscular Atrophies

The spinal muscular atrophies (SMAs) are
genetic disorders in which anterior horn
cells in the spinal cord and motor nuclei of
the brainstem are progressively lost. The
mechanism is probably a defect in pro-
grammed cell death, wherein the deletion
of cells, a normal process during gestation,
continues after birth. The onset of weakness
may occur at any age, from birth to adult life.
Some atrophies show a generalized distribu-
tion of weakness, and others affect specific
muscle groups. Those with an onset in
infancy usually cause generalized weakness
and hypotonia. Infantile SMA is one of the
more common motor unit disorders causing
infantile hypotonia.
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Figure 6-4 Infantile spinal muscular atrophy
(adenosine triphosphatase reaction). The normal
random distribution pattern of fiber types is lost.
Groups of large type I fibers (light shade) are
adjacent to groups of small type II fibers (dark shade).

Chapter 6 The Hypotonic Infant
Infantile Spinal Muscular Atrophy

The clinical subtypes of autosomal recessive
SMA are a continuum of disease. Discussion
of the severe type (SMA I), which always
begins before 6 months, follows. Discussion
of the intermediate (SMA II) and juvenile
(SMA III) types appears in Chapter 7. The
SMN1 (survival motor neuron) on 5q12.2-
q13.3 is the primary SMA disease-causing gene
(Prior and Russman, 2006). Normal indivi-
duals have both SMN1 and SMN2, an almost
identical copy of the SMN1 gene, on the same
chromosome. The overlap in clinical features
between the three types is considerable, and
two different clinical phenotypes can occur
in a single family. The course among siblings
is usually the same, but sometimes both SMA
I and SMA II phenotypes occur in siblings
and are then attributed to the number of cop-
ies of the SMN2 gene.

Clinical Features. The age at onset is birth to
6 months. Decreased fetal movement may occur
when neuronal degeneration begins in utero.
Affected newborns have generalized weakness
involving proximal more than distal muscles,
hypotonia, and areflexia. Newborns hypotonic
in utero and weak at birth may have difficulty
adapting to extrauterine life and experience
postnatal asphyxia and encephalopathy. Most
breathe adequately at first and appear alert
despite the generalized weakness because facial
expression is relatively well preserved and
extraocular movement is normal. Some
newborns have paradoxical respiration because
intercostal paralysis and thoracic collapse occur
before diaphragmatic movement is impaired,
whereas others have diaphragmatic paralysis as
an initial feature. Despite intrauterine hypoto-
nia, arthrogryposis is not present. Neurogenic
arthrogryposis may be a distinct entity and is
described separately in this chapter.

When weakness begins in infancy, the
decline in strength can be sudden or decre-
mental. At times, the child seems to improve
because of normal cerebral development, but
the progression of weakness is relentless. The
tongue may show atrophy and fasciculations,
but these are difficult to see in newborns.
After the gag reflex is lost, feeding becomes
difficult, and death results from aspiration
and pneumonia. When weakness is present at
birth, death usually occurs by 6 months of
age, but the course is variable when symptoms
develop after 3 months of age. Some infants
will attain sitting balance but will not walk.
Survival time is not predictable.
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Diagnosis. Molecular genetic testing of the
SMN1 gene is available. Approximately 95%
of individuals with SMA are homozygous for
the absence of exons 7 and 8 of SMN1, and
approximately 5% are compound heterozy-
gotes for absence of exons 7 and 8 of one
SMN1 allele and a point mutation in the other
SMN1 allele (Prior and Russman, 2006). The
serum concentration of CK is usually normal
but may be mildly increased in infants with
rapidly progressive weakness. EMG studies
show fibrillations and fasciculations at rest,
and the mean amplitude of motor unit poten-
tials is increased. Motor nerve conduction
velocities are usually normal.

Muscle biopsy is unnecessary because of the
commercial availability of DNA-based testing.
The pathological findings in skeletal muscle
are characteristic. Routine histological stains
show groups of small fibers adjacent to groups
of normal-sized or hypertrophied fibers. When
the myosin adenosine triphosphatase reaction
is applied, all hypertrophied fibers are type I,
whereas medium-sized and small fibers are a
mixture of types I and II (Fig. 6-4). Type group-
ing, a sign of reinnervation in which large num-
bers of fibers of the same type are contiguous,
replaces the normal random arrangement of
fiber types. Some biopsy specimens show
uniform small fibers of both types. DNA analy-
sis of chorionic villus biopsy specimens pro-
vides prenatal diagnosis.
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Management. Treatment is supportive. Noninva-
sive ventilation and feeding gastrostomy have
markedly increased survival (Oskoui et al,
2007). Agents that inhibit histone deacetylase
have been shown in in vitro experiments to
increase production of SMN2 messenger RNA.
Such agents include hydroxyurea (Grzeschik
et al, 2005), sodium phenylbutyrate (Andreassi
et al, 2004), and valproate (Brichta et al,
2003). All three agents are subjects of ongoing
clinical trials.

Infantile Spinal Muscular Atrophy
with Respiratory Distress Type 1

Originally classified as a variant of SMA1, SMA
with respiratory disease type 1 is a distinct
genetic disorder resulting from mutations
in the gene encoding the immunoglobulin
m-binding protein 2 on chromosome 11q13
(Grohmann et al, 2003).

Clinical Features. Intrauterine growth retarda-
tion, weak cry, and foot deformities are the ini-
tial features. Most infants come to medical
attention between 1 and 6 months because of
respiratory distress secondary to diaphrag-
matic weakness, weak cry, and progressive dis-
tal weakness of the legs. Sensory and
autonomic nerve dysfunction accompanies
the motor weakness. Sudden infant death
occurs without respiratory support.

Diagnosis. Consider the diagnosis in infants
with an SMA1 phenotype lacking the 5q gene
abnormality and those with distal weakness
and respiratory failure.

Management. Treatment is supportive.

Congenital Cervical Spinal Muscular
Atrophy

This is a rare sporadic disorder characterized
by severe weakness and wasting confined to
the arms. Contractures of the shoulder, elbow,
and wrist joints are present at birth. The legs
are normal. Postnatal progression of weakness
does not occur. Central nervous system func-
tion is normal. This cervical distribution of
weakness usually occurs as a progressive disor-
der with onset in adolescence (see Chapter 7).

Neurogenic Arthrogryposis

The original use of the term neurogenic
arthrogryposis was to denote the association
of arthrogryposis with infantile SMA. Trans-
mission occurs by autosomal recessive inher-
itance in some families and by X-linked
inheritance in others. Some individuals with
autosomal recessive inheritance have dele-
tions in the SMN gene. I am aware of two sets
of identical twins in which one twin was born
with neurogenic arthrogryposis and the
other remained normal. This suggests that
some sporadic cases may have nongenetic
causes.

Families with X-linked neurogenic arthro-
gryposis tend to have clinical or pathological
features that distinguish them from others.
Arthrogryposis may not occur in every affected
family member; weakness or joint deformity
may be limited to the legs or arms, and pro-
gression is minimal.

Clinical Features. In neurogenic arthrogrypo-
sis, the most active phase of disease occurs
in utero. Severely affected newborns have
respiratory and feeding difficulties, and
some die of aspiration. The less severely
affected ones survive and have little or no
progression of their weakness. Indeed, the
respiratory and feeding difficulties lessen
with time. Contractures are present in both
proximal and distal joints. Micrognathia
and a high-arched palate may be associated
features, and a pattern of facial anomalies
suggesting trisomy 18 is present in some
newborns. Newborns with respiratory dis-
tress at birth may not have a fatal course.
Limb weakness may be minimal, and there
are long intervals of stability.

Diagnosis. Suspect the diagnosis in newborns
with arthrogryposis, normal serum concentra-
tions of CK, and EMG findings compatible
with a neuropathic process. Muscle histologi-
cal examination reveals the typical pattern of
denervation and reinnervation. Cranial MRI
investigates cerebral malformations in chil-
dren with microcephaly.

Management. Initiate an intensive program of
rehabilitation immediately after birth. Surgical
release of contractures is often required.

Cytochrome-c Oxidase Deficiency

Cytochrome-c oxidase deficiency is clinically het-
erogeneous. Phenotypes range from isolated
myopathy to a fatal infantile cardioencephalo-
myopathy. A boy with a marked spinal muscu-
lar atrophy presented with hypotonia, severe
axial and limb weakness, and normal bulbar
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muscle strength (Rubio-Gozalbo et al, 1999).
He died at the age of 5 months of respiratory
failure. Electrodiagnosis revealed positive
sharp waves and fibrillation potentials with
normal motor nerve conduction velocities.
Muscle biopsy specimens showed a prepon-
derance of type I fibers, with atrophy of both
fiber types. Cytochrome-c oxidase activity was
absent in all but intrafusal muscle fibers,
and the activity was decreased in cultured
skin fibroblasts. Western blot analysis showed
decreased levels of all cytochrome-c oxidase
subunits. Analysis of mitochondrial DNA and
the SMN gene was unrevealing.
Polyneuropathies

Polyneuropathies are uncommon in child-
hood and are even less common during
infancy. Table 6-10 lists the polyneuropathies
with onset in infancy. They divide into those
that primarily affect the myelin (demyelinat-
ing) or the axon (axonal). In newborns and
infants, the term demyelinating also refers to
disorders in which myelin has failed to form
(hypomyelinating). Only with congenital
hypomyelinating neuropathy is infantile hypo-
tonia the initial feature. The others are more
likely to start as progressive gait disturbance
or psychomotor retardation. Chapter 7 pro-
vides a complete discussion of the clinical
approach to neuropathy.
Table 6-10 Polyneuropathies with Possible
Onset in Infancy

Axonal

Familial dysautonomia
Hereditary motor-sensory neuropathy type II (see

Chapter 7)
Idiopathic with encephalopathy (see Chapter 7)
Infantile neuronal degeneration
Subacute necrotizing encephalopathy (see Chapters 5

and 10)

Demyelinating

Acute inflammatory demyelinating polyneuropathy
(Guillain-Barré syndrome; see Chapter 7)

Chronic inflammatory demyelinating polyneuropathy
(see Chapter 7)

Congenital hypomyelinating neuropathy
Globoid cell leukodystrophy (see Chapter 5)
Hereditary motor-sensory neuropathy type I (see

Chapter 7)
Hereditary motor-sensory neuropathy type III (see

Chapter 7)
Metachromatic leukodystrophy (see Chapter 5)

166
Congenital Hypomyelinating
Neuropathy

The term congenital hypomyelinating neuropathy
encompasses several disorders with similar
clinical and pathological features. Sporadic
occurrence is the rule, but autosomal recessive
inheritance occurs in some families. Congeni-
tal hypomyelinating neuropathy results from
a congenital impairment in myelin formation
and can be caused by mutation in the early
growth response 2 gene (EGR2) (Warner et al,
1998) or the myelin protein zero gene (MPZ)
(Kochanski et al, 2004).

Clinical Features. The clinical features are
indistinguishable from those of acute infantile
spinal muscular atrophy. Arthrogryposis may
be present. Newborns have progressive flaccid
weakness and atrophy of the skeletal muscles,
a bulbar palsy that spares extraocular motility,
and areflexia. Respiratory insufficiency causes
death during infancy.

In some children, failure to meet motor
milestones is the initial manifestation. Exami-
nation shows diffuse weakness, distal atrophy,
and areflexia. Weakness progresses slowly and
is not life threatening during childhood. Sen-
sation remains intact.

Diagnosis. The serum concentration of CK is
normal, EMG findings are consistent with
denervation, andmotor nerve conduction velo-
cities are usually less than 10 m/sec. The pro-
tein concentration of the cerebrospinal fluid is
markedly increased in almost every case.
Screening for mutations in the peripheral mye-
lin protein and P zero myelin genes is essential
to separate the genetic causes of this syndrome
from those of chronic demyelinating inflamma-
tory polyneuropathies.

Management. Some infants with hypomyelinat-
ing neuropathies respond to treatment with oral
prednisone. One prednisone-treated newborn
in my practice became normal, both clinically
and electrophysiologically, by 1 year of age. He
relapsed several times later in childhood and
then responded to prednisone and to intrave-
nous immunoglobulin. Such children may have
a connatal form of chronic inflammatory demy-
elinating neuropathy (see Chapter 7). Whatever
the mechanism, treat every affected child with a
course of oral prednisone, 2 mg/kg/day. Those
who respond become stronger within 4 weeks of
starting therapy. After the initial response,
maintain alternate-day therapy, 0.5 mg/kg, for
at least 1 year.
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Disorders of Neuromuscular
Transmission

Infantile Botulism

Human botulism ordinarily results from eat-
ing food contaminated by the preformed exo-
toxin of the organism Clostridium botulinum.
The exotoxin prevents the release of acetyl-
choline, causing a cholinergic blockade of skel-
etal muscle and end organs innervated by
autonomic nerves. Infantile botulism is an age-
limited disorder in which ingested C botulinum
colonizes the intestinal tract and produces
toxin in situ. Dietary contamination with
honey or corn syrup accounts for almost 20%
of cases, but in most, the source is undefined
(Cherington, 1998).

Clinical Features. The clinical spectrum of
infantile botulism includes asymptomatic car-
riers of organisms; mild hypotonia and failure
to thrive; severe, progressive, life-threatening
paralysis; and sudden infant death. Infected
infants are between 2 and 26 weeks of age
and usually live in a dusty environment adja-
cent to construction or agricultural soil disrup-
tion. The highest incidence is between March
and October. A prodromal syndrome of con-
stipation and poor feeding is common. Pro-
gressive bulbar and skeletal muscle weakness
and loss of tendon reflexes develop 4 to 5 days
later. Typical features on examination include
diffuse hypotonia, ptosis, dysphagia, weak cry,
and dilated pupils that react sluggishly to
light.

Infantile botulism is a self-limited disease
generally lasting for 2 to 6 weeks. Recovery is
complete, but relapse occurs in as many as
5% of infants.

Diagnosis. The syndrome suggests postinfec-
tious polyradiculoneuropathy (Guillain-Barré
syndrome), infantile spinal muscular atrophy,
or generalized myasthenia gravis. Clinical differ-
entiation of infantile botulism from Guillain-
Barré syndrome is difficult, and some reported
cases of Guillain-Barré syndrome during infancy
might actually have been infantile botulism.
Infantile botulism differs from infantile SMA
by the early appearance of facial and pharyngeal
weakness, the presence of ptosis and dilated
pupils, and the occurrence of severe constipa-
tion. Infants with generalized myasthenia do
not have dilated pupils, absent reflexes, or
severe constipation.

Electrophysiological studies provide the first
clue to the diagnosis. Repetitive stimulation
between 20 and 50 Hz reverses the presynaptic
block and produces an incremental increase
in the size of the motor unit potentials in
90% of cases. EMG shows short-duration, low-
amplitude motor unit potentials. The isolation
of organisms from the stool is diagnostic.

Management. Throughout the period of pro-
found hypotonia, intensive care is necessary,
and many infants require ventilator support.
Sudden apnea and death are a constant dan-
ger. Early use of immunoglobulin decreases
the length of hospitalization and shortens the
duration of intensive care, mechanical ventila-
tion, and intravenous or tube feedings (Arnon
et al, 2006). Avoid aminoglycoside antibiotics
such as gentamicin because they produce pre-
synaptic neuromuscular blockade and may
worsen the condition.
Congenital Myasthenic Syndromes

Several genetic defects causing myasthenic
syndromes have been identified (Abicht and
Lochmüller, 2006). All are autosomal recessive
traits except for the slow channel syndrome,
which is an autosomal dominant trait. All
genetic myasthenic syndromes are seronega-
tive for antibodies that bind the acetylcholine
receptor (AChR). Both the genetic and clini-
cal features are the basis for classifying con-
genital myasthenic syndromes.

Clinical Features. Respiratory insufficiency and
feeding difficulties may be present at birth.
Many affected newborns require mechanical
ventilation. Ptosis and generalized weakness
are either present at birth or develop during
infancy (Mullaney et al, 2000). Arthrogryposis
may also be present. Although facial and skel-
etal muscles are weak, extraocular motility is
usually normal. Within weeks, many infants
become stronger and no longer need mechan-
ical ventilation. However, episodes of weakness
and life-threatening apnea occur repeatedly
throughout infancy and childhood, sometimes
even into adult life.

Diagnosis. The basis for the diagnosis of a con-
genital myasthenic syndrome is the clinical
findings, a decremental EMG response of the
compound muscle action potential on low-
frequency (2–3 Hz) stimulation, negative tests
for anti-AChR and anti–muscle-specific tyro-
sine kinase antibodies in the serum, and lack
of improvement of clinical symptoms with
immunosuppressive therapy. The intravenous
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Figure 6-5 Fiber-type disproportion myopathy
(adenosine triphosphatase reaction). Type I fibers
(light shade) are more numerous than type II
fibers (dark shade). Type II fibers are generally
larger in diameter than type I fibers.
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or subcutaneous injection of edrophonium
chloride, 0.15 mg/kg, is safe in intubated new-
borns and usually establishes the diagnosis. The
weakness and the respiratory distress reverse
almost immediately after intravenous injection
and within 10 minutes of subcutaneous injec-
tion. Several genes encoding proteins expressed
at the neuromuscular junction are associated
with congenital myasthenic syndrome.

Management. Long-term treatment with neo-
stigmine or pyridostigmine prevents sudden
episodes of apnea at the time of intercurrent ill-
ness. The weakness in some children responds
to a combination of pyridostigmine and diami-
nopyridine. Diaminopyridine is not yet com-
mercially available in the United States, but
can be obtained on a compassionate use basis
from Jacobus Pharmaceutical Company, Inc.
(Princeton, NJ, fax 609-799-1176). Immuno-
suppressive therapy and thymectomy are not
beneficial.

Transitory Neonatal Myasthenia

A transitory myasthenic syndrome occurs in
approximately 15% of newborns of myasthenic
mothers (Hoff et al, 2003). The passive trans-
fer of antibody directed against fetal AChR
from the myasthenic mother to her normal
fetus is the presumed cause. Fetal AChR is
structurally different from adult AChR. The
severity of symptoms in the newborn corre-
lates with the ratio of fetal to adult AChR anti-
bodies in the mother but does not correlate
with the severity or duration of weakness in
the mother.

Clinical Features. Women withmyasthenia have
a higher rate of complications of delivery. Dif-
ficulties feeding and generalized hypotonia
are the major clinical features in the infant.
Affected children are eager to feed, but the
ability to suck fatigues quickly and nutrition
is inadequate. Symptoms usually arise within
hours of birth but delay until the third day
postpartum. Some newborns are hypotonic
in utero and born with arthrogryposis. Weak-
ness of cry and lack of facial expression are
present in 50%, but only 15% have limitation
of extraocular movement and ptosis. Respira-
tory insufficiency is uncommon. Weakness
becomes progressively worse in the first few
days and then improves. The mean duration
of symptoms is 18 days, with a range of 5 days
to 2 months. Recovery is complete, and tran-
sitory neonatal myasthenia does not develop
into myasthenia gravis later in life.
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Diagnosis. High serum concentrations of AChR
binding antibody in the newborn and tempo-
rary reversal of weakness by the subcutaneous
or intravenous injection of edrophonium chlo-
ride, 0.15 mg/kg, establish the diagnosis.

Management. Treat newborns with severe gen-
eralized weakness and respiratory distress with
plasma exchange. For those less impaired, 0.l%
neostigmine methylsulfate by intramuscular
injection before feeding sufficiently improves
sucking and swallowing to allow adequate nutri-
tion. Progressively reduce the dose as symptoms
remit. An alternative route for neostigmine is
via a nasogastric tube at a dose 10 times that of
the parenteral level.
Congenital Myopathies

Congenital myopathies are developmental dis-
orders of skeletal muscle. The main clinical
feature is infantile hypotonia. Muscle biopsy
is usual for diagnosis. The common histologi-
cal feature is that type I fibers are greater in
number but smaller than type II fibers
(Fig. 6-5). Many infants with hypotonia and
type I fiber predominance are later shown to
have a cerebral abnormality; cerebellar aplasia
is particularly common.

The term congenital fiber-type disproportion
myopathy describes newborns with hypotonia
and sometimes arthrogryposis whose muscle
biopsy specimens show type I predominance
as the only histological abnormality. The
biopsy specimens in some infants have not



Figure 6-6 Central core disease (reduced diphos-
phopyridine nucleotide reaction). The center of every
fiber has a central core that appears clear when
oxidative enzyme reactions are applied.
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only a type I fiber predominance but also a
unique histological feature that names the
condition (central core disease, multiminicore dis-
ease, myotubular myopathy, and nemaline myopa-
thy). Several other congenital myopathies
reported in one child or one family are not
discussed.

Central Core Disease

Central core disease is a rare but distinct
genetic entity transmitted primarily by autoso-
mal dominant inheritance, although recessive
and sporadic cases occur. Mutations in the ry-
anodine receptor 1 gene (RYR1) on chromo-
some 19q13 are responsible for central core
disease and malignant hyperthermia (Malic-
dan and Nishino, 2007).

Clinical Features. Mild hypotonia is present
immediately after birth or during infancy.
Congenital dislocation of the hips is relatively
common. Slowly progressive weakness begins
after the age of 5 years. Weakness is greater
in proximal than in distal limb muscles and
is greater in the arms than in the legs. Tendon
reflexes of weak muscles are depressed or
absent. Extraocular motility, facial expression,
and swallowing are normal. Some children be-
come progressively weaker, have motor impair-
ment, and develop kyphoscoliosis. In others,
weakness remains mild and never causes
disability.

Most children with central core disease
are assumed at risk of malignant hyperther-
mia and should not be administered anes-
thetics without appropriate caution (see
Chapter 8).

Diagnosis. The serum concentration of CK is
normal, and the EMG findings may be nor-
mal as well. More frequently, the EMG sug-
gests a myopathic process. The basis for
diagnosis is the characteristic histopathologi-
cal finding of sharply demarcated cores of
closely packed myofibrils undergoing varying
degrees of degeneration in the center of all
type I fibers (Fig. 6-6). Because of the tight
packing of myofibrils, the cores are deficient
in sarcoplasmic reticulum, glycogen, and
mitochondria. Approximately 90% of chil-
dren with central core disease have mutations
in RYR1, the gene encoding the ryanodine
receptor 1 (Wu et al, 2006). Sequence analy-
sis identifies approximately 50% of affected
individuals.

Management. Treatment is supportive.
Congenital Fiber-Type Disproportion
Myopathy

The congenital fiber-type disproportion myop-
athies are a heterogeneous group of diseases
that have a similar pattern of muscle histology.
The initial feature of all these diseases is infantile
hypotonia. Both genders are involved equally.
Most cases are sporadic; genetic transmission
may be autosomal dominant, autosomal re-
cessive, or X-linked (Clarke et al, 2005). The
largest group of inherited cases is associated
with mutations in the TPM3 gene, which
encodes the slow isoform of skeletal muscle
a-tropomyosin (Clarke et al, 2008). Despite
the label congenital, an identical pattern of
fiber-type disproportion may be present in
patients who are asymptomatic at birth and first
have weakness during childhood.

Clinical Features. The severity of weakness in
the newborn varies from mild hypotonia to
respiratory insufficiency. Many had intrauterine
hypotonia and show congenital hip dislocation,
dysmorphic features, and joint contractures.
Proximal muscles are weaker than distal mus-
cles. Facial weakness, a high-arched palate,
ptosis, and disturbances of ocular motility may
be present. When axial weakness is present in
infancy, kyphoscoliosis often develops during
childhood. Tendon reflexes are depressed or
absent. Intellectual function is normal. Weak-
ness is most severe during the first 2 years and
then becomes relatively stable or progresses
slowly.

Diagnosis. Type I fiber predominance andhypo-
trophy are the essential histological features.
Type I fibers are 15% smaller than type II
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fibers. Other laboratory studies are not helpful.
The serum concentration of CK may be nor-
mal or slightly increased, and the EMG may be
consistent with a neuropathic process, a myo-
pathic process, or both. Nerve conduction ve-
locities are normal.

Management. Physical therapy should be initi-
ated immediately, not only to relieve existing
contractures but also to prevent new contrac-
tures from developing.

Multi-Minicore Disease

The presence of multiple small zones of sarco-
meric disorganization with lack of oxidative
activity defines multiminicore disease (Ferreiro
et al, 2000). The clinical features associated
with the defining pathology are variable. In-
heritance is probably autosomal recessive.
Some cases are associated with RYR1mutations
(Ferreiro et al, 2002a), whereas others are
caused by mutations in the selenoprotein 1
(SEPN1) gene (Ferreiro et al, 2002b).

Clinical Features. Both genders are affected
equally. Onset is at birth or during infancy.
Affected newborns are hypotonic. Delayed
achievement of motor milestones charac-
terizes infantile onset. Axial weakness is typi-
cal, as evidenced by scoliosis and neck flexor
weakness. Proximal limb muscle weakness is
common, and distal limb weakness is rare.
Limb contractures are uncommon.

Diagnosis. Muscle biopsy specimens show
zones of sarcomeric disorganization in both
muscle fiber types that do not run the
entire length of the fiber. Not every fiber
contains a minicore. Type I fibers are more
numerous.

Management. Treatment is supportive.

Myotubular (Centronuclear) Myopathy

Several clinical syndromes are included in the
category of myotubular (centronuclear) myop-
athy. Transmission of some is by X-linked
inheritance, others by autosomal dominant
inheritance, and still others by autosomal
recessive inheritance. The autosomal domi-
nant form has a later onset and a milder
course. The common histological feature on
muscle biopsy is an apparent arrest in the mor-
phogenesis of the muscle fiber at the myotube
stage.
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SEVERE/INFANTILE MYOTUBULAR
MYOPATHY

The abnormal gene that causes acute myotub-
ular myopathy maps to the long arm of the
X chromosome (Xq28) and is designated
MTM1. Myotubularin is the protein encoded
by the MTM1 gene (Das and Herman, 2006).

Clinical Features. Newborns with severe myo-
tubular myopathy are hypotonic and require
respiratory assistance. The face has a myo-
pathic appearance, motor milestones are
delayed, and most fail to walk. Death in
infancy is common. Those with forms that
are more moderate achieve motor milestones
more quickly, and approximately 40% require
no ventilator support. In the mildest forms,
ventilatory support is only required in the new-
born period; delay of motor milestones is
mild, walking is achieved, and facial strength
is normal. Weakness is not progressive and
may improve slowly over time. Female carriers
are generally asymptomatic.

Diagnosis. The serum concentration of CK is
normal. The EMG may suggest a neuropathic
process, a myopathic process, or both. Muscle
biopsy shows type I fiber predominance and
hypotrophy, the presence of many internal
nuclei, and a central area of increased oxida-
tive enzyme and decreased myosin adenosine
triphosphatase activity. Molecular genetic test-
ing is available.

Management. Treatment is supportive.
INTERMEDIATE/MILD MYOTUBULAR
MYOPATHY

Inheritanceofmilder formsofmyotubularmyop-
athy may be either autosomal or X-linked. Some
forms are associated with mutations in the
myogenic factor 6 gene (Kerst et al, 2000), and
others are caused by mutations in the dynamin
2 gene (Bitoun et al, 2005).

Clinical Features. In general, age at onset
of the recessive form is later than that of the
X-linked form and earlier than that of the
dominant form. Some children with the disease
have hypotonia at birth; others come to atten-
tion because of delayed motor development.
The pattern of limb weakness may be proximal
or distal. The axial and neck flexor muscles are
weak as well. Ptosis, but not ophthalmoplegia,
is sometimes present at birth. The course is
usually slowly progressive. Possible features



Figure 6-7 Nemaline (rod) myopathy (trichrome).
A spectrum of fiber sizes is present. The small
fibers are all type I and contain rodlike bodies in a
subsarcolemmal position.
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include ophthalmoplegia, loss of facial expres-
sion, and continuing weakness of limbmuscles.
Some have seizures and mental deficiency.

Diagnosis. The serum concentration of CK is
normal, and EMG findings are abnormal but
do not establish the diagnosis. Muscle biopsy
is essential for diagnosis, and the histological
features are identical to those of the acute
form.

Management. Treatment is supportive.

Nemaline (Rod) Myopathy

Transmission of nemaline myopathy is as
either an autosomal dominant or recessive
trait. Approximately 20% of cases are reces-
sive, 30% are dominant, and 50% are sporadic
(North and Ryan, 2006). Several different
genetic abnormalities cause the same histolog-
ical features that define the disorder.

Clinical Features. Nemaline myopathy is char-
acterized by weakness and hypotonia with
depressed or absent deep tendon reflexes.
Muscle weakness is usually most severe in the
face, neck flexors, and proximal limb muscles.
Significant differences exist in survival between
patients classified as having severe, intermedi-
ate, and typical nemaline myopathy. The sever-
ity of neonatal respiratory disease and the
presence of arthrogryposis multiplex conge-
nita are associated with death in the first year
of life. Independent ambulation before 18
months of age is predictive of survival. Most
children with typical nemaline myopathy are
eventually able to walk.

At least three different phenotypes occur in
children. Transmission of two congenital types
is by autosomal recessive inheritance: (1) a
severe neonatal form that causes immediate
respiratory insufficiency and neonatal death
and (2) a milder form in which affected
newborns often appear normal or are mildly
hypotonic and not brought to medical atten-
tion until motor milestones are delayed. This
latter form tends to be slowly progressive,
with greater weakness in proximal than distal
muscles. Weakness of facial muscles causes a
dysmorphic appearance in which the face
appears long and narrow and the palate is
high and arched. Axial weakness leads to
scoliosis.

Transmission of the childhood-onset form
is by autosomal dominant inheritance. Onset
of ankle weakness occurs late in the first or
early in the second decade. The weakness is
slowly progressive, and affected individuals
may be confined to a wheelchair as adults.

Diagnosis. Nemaline myopathy refers to a group
of genetically distinct disorders linked by com-
mon morphologic features observed on mus-
cle histology. Electrophysiological studies may
suggest a myopathic process but are not spe-
cific, and the concentration of serum CK is
usually normal or minimally increased.

Muscle biopsy is essential for diagnosis.
Within most fibers are multiple small rodlike
particles, thought to be derived from lateral
expansion of the Z disk. The greatest concen-
tration of particles is under the sarcolemma
(Fig. 6-7). Type I fiber predominance is a prom-
inent feature. Mutations in five genes encoding
components of the sarcomeric thin filaments
are associated with disease. The incidence of
each of the genetic subgroups is not established.

Management. Treatment is supportive. Parents
who have the abnormal gene but are not weak
may have rod bodies and fiber-type predomi-
nance in their muscles.
Muscular Dystrophies

Congenital Dystrophinopathy

Dystrophinopathies occasionally cause weak-
ness at birth. In such cases, dystrophin is
completely absent. Immunofluorescence reac-
tions for all three domains of dystrophin are
essential for diagnosis. See Chapter 7 for a
complete discussion of dystrophinopathies.
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Congenital Muscular Dystrophy

CMDs are a group of myopathies character-
ized by hypotonia at birth or shortly thereaf-
ter, the early formation of multiple joint
contractures, and diffuse muscle weakness
and atrophy (Gordon et al, 2006). Inheritance
of all CMDs is autosomal recessive. CMDs are
divisible into syndromic and nonsyndromic
forms. In syndromic CMDs, both muscle and
brain are abnormal. In nonsyndromic forms,
muscular disease occurs without cerebral
involvement.

An alternative classification of CMDs is by
the absence or presence of merosin (laminin
a2) in muscle. Merosin, located in the extra-
cellular matrix, is the linking protein for the
dystroglycan complex (see Fig. 7-3). Merosin
deficiency may be primary or secondary. Pri-
mary merosin deficiency affects only muscle,
whereas secondary merosin deficiencies occur
in the syndromic CMDs.
MEROSIN-POSITIVE NONSYNDROMIC
CONGENITAL MUSCULAR DYSTROPHY

The phenotype associated with merosin-positive
CMD is not homogeneous. Transmission is
by autosomal recessive inheritance with consid-
erable genetic heterogeneity. One form, charac-
terized by early rigidity of the spine, scoliosis,
and reduced vital capacity, is associated with
mutations in the SEPN1 gene (Moghadaszadeh
et al, 2001) and is allelic with a form of multi-
minicore disease. Ullrich disease, caused by muta-
tions in the collagen VI gene, is a form of CMD
in which muscle fiber necrosis is secondary to
loss of collagen links (Ishikawa et al, 2002).

Clinical Features. Approximately one half of
affected individuals are abnormal at birth be-
cause of some combination of hypotonia, poor
ability to suck, and respiratory distress. Delayed
achievement of motor milestones is usual.
Limb-girdle weakness is the rule, generalized
weakness may be present, and approximately
half of the individuals have facial weakness.
Joint deformities may be present at birth or
develop during infancy.

Diagnosis. The serum concentration of CK is
slightly increased, and muscle biopsy speci-
mens show fiber necrosis and regeneration.
MRI of the brain is normal.

Management. Physical therapy is important to
prevent and reduce contractures.
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PRIMARY MEROSIN-DEFICIENT
CONGENITAL MUSCULAR DYSTROPHY

The abnormal gene site for primary merosin-
deficient CMD is chromosome 6q22-23. The
abnormal protein is laminin. The phenotypes
associated with merosin deficiency are gener-
ally more severe than the phenotypes with
merosin present. Merosin deficiency is also
associated with later-onset muscular dystro-
phies (Jones et al, 2001).

Clinical Features. Hypotonia, arthrogryposis,
and respiratory insufficiency are severe at birth.
The infant has generalized limb weakness,
with proximal muscles affected earlier and
more severely than distal muscles. Facial and
neck weakness is common, but extraocular
motility is normal. Tendon reflexes may be
present or absent and are often difficult to
test because of joint contractures. Contractures
at birth may involve any joint, but torticollis
and clubfoot are particularly common, and
congenital dislocation of the hips is often an
associated feature.

Muscle hypertrophy is not present. Weak-
ness and contractures delay motor develop-
ment. The best motor achievement is the
ability to sit unsupported. Intelligence is either
normal or borderline subnormal. Chronic
hypoventilation leading to respiratory failure
is the usual cause of death.

Diagnosis. The serum concentration of CK is
high in the newborn and tends to decline with
age. Asymptomatic siblings and parents may
have elevated serum concentrations of CK.
EMG findings are consistent with a myopathic
process. The muscle histological appearance is
characteristic. Features include a variation in
fiber size with occasional central nucleation,
extensive fibrosis, and proliferation of adipose
tissue; fibers undergoing regeneration and
degeneration; and thickening of the muscle
spindle capsule. A mononuclear infiltrate sur-
rounding muscle fibers is often present early
in the course. Cases of neonatal polymyositis
are actually merosin-deficient CMD. Molecular
genetic diagnosis is available.

Infants who are merosin deficient have an
abnormal MRI T2 signal in the cerebral white
matter, indicating hypomyelination mainly in
the occipital horns. Structural disturbances of
the occipital cortex may be associated (Philpot
et al, 1999).

Management. Physical therapy is important to
prevent further contractures.
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SYNDROMIC CONGENITAL MUSCULAR
DYSTROPHY

In at least three disorders, Fukuyama CMD,
muscle-eye-brain disease, and Walker-Warburg syn-
drome, CMD coexists with involvement of the
central nervous system. Fukuyama CMD occurs
almost exclusively in Japan, muscle-eye-brain
disease occurs mainly in Finland, and Walker-
Warburg syndromehas wide geographical distri-
bution. Each has a different gene abnormality.

The major feature is a disturbance of cellu-
lar migration to the cortex between the fourth
and fifth gestational months, resulting in poly-
microgyria, lissencephaly, and heterotopia.
Other abnormalities may include fusion of
the frontal lobes, hydrocephalus, periventricu-
lar cysts, optic nerve atrophy, hypoplasia of the
pyramidal tracts, a decrease in the number of
anterior horn cells, and inflammation of the
leptomeninges.

Walker-Warburg syndrome and Fukuyama
CMD show decreased but not absent merosin
expression. Muscle-eye-brain disease has nor-
mal merosin expression. An abnormal MRI
T2 signal in the centrum semiovale that resem-
bles hypomyelination is a marker of abnormal
merosin expression.
Clinical Features. Fukuyama CMD is the most
common form of muscular dystrophy in Japan.
One fourth of mothers with an affected child
have a history of spontaneous abortion.
Affected newborns are normal at birth but
soon develop hypotonia, an expressionless
face, a weak cry, and an ineffective suck. Weak-
ness affects proximal limb more than distal
limb muscles. Mild contractures of the elbow
and knee joints may be present at birth or
develop later. Tendon reflexes are usually
absent. Pseudohypertrophy of the calves devel-
ops in half of cases. Affected children may
achieve sitting balance but never stand.

Symptoms of cerebral involvement are pres-
ent early in infancy. Febrile or nonfebrile gener-
alized seizures are usually the first manifes-
tation. Delayed development is always global,
and microcephaly is the rule. Mental retarda-
tion is severe. Weakness and atrophy are pro-
gressive and result in severe disability, cachexia,
and death before 10 years of age.

Neonatal hypotonia, developmental delay,
and ocular abnormalities characterize muscle-
eye-brain disease. Most affected children walk
by age 4 years and then decline in all psychomo-
tor skills. Specific eye abnormalities includeglau-
coma, progressive myopia, progressive retinal
atrophy, and juvenile cataracts. The cerebral
and muscle abnormalities of Walker-Warburg
syndrome are similar to those in muscle-eye-
brain disease. Ocular abnormalities include cor-
neal clouding, cataracts, retinal dysplasia or
detachment, and optic nerve hypoplasia.

Diagnosis. Molecular genetic testing is avail-
able for all three syndromes. The serum con-
centration of CK is generally increased, and
the EMG indicates a myopathy. Muscle biopsy
specimens show excessive proliferation of adi-
pose tissue and collagen out of proportion to
the degree of fiber degeneration. Typical MRI
abnormalities are dilatation of the cerebral
ventricles and subarachnoid space and lucency
of cerebral white matter.

Management. Treatment is supportive.

Congenital Myotonic Dystrophy

Myotonic dystrophy is a multisystem disorder
transmitted by autosomal dominant inheri-
tance (Bird, 2007). Symptoms usually begin
in the second decade (see Chapter 7). An
unstable DNA triplet in the DMPK gene (chro-
mosome 19q13.2-13.3) causes the disease.
Repeats may increase 50 to several thousand
times in successive generations. The number
of repeats correlates with the severity of dis-
ease, but repeat size alone does not predict
phenotype. Repeat size changes from mother
to child are greater than from father to child,
and for this reason, the mother is usually the
affected parent when a child has CMD.
A mother with repeats of 100 units has a 90%
chance that her child will have repeats of 400
units or more.

The main features during pregnancy are
diminished fetal movement and polyhydram-
nios. Fifty percent of infants are born prema-
turely. Inadequate uterine contraction may
prolong labor, and forceps assistance is com-
mon. Severely affected newborns have inade-
quate diaphragmatic and intercostal muscle
function and are incapable of spontaneous
respiration. In the absence of prompt intuba-
tion and mechanical ventilation, many will
die immediately after birth.

Prominent clinical features in the newborn
include facial diplegia, in which the mouth is
oddly shaped so that the upper lip forms an
inverted V (Fig. 6-8); generalized muscular
hypotonia; joint deformities ranging from
bilateral clubfoot to generalized arthrogrypo-
sis; and gastrointestinal dysfunction, including
choking, regurgitation, aspiration, swallowing
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Figure 6-8 Infantile myotonic dystrophy. The
mouth has an inverted V shape. (Reprinted with
permission from Amato AA, Brooke MH: Disorders
of skeletal muscle. In Bradley WG, Daroff RB,
Fenichel GM, Jankovic J [eds]: Neurology in
Clinical Practice, 5th ed. Philadelphia, Elsevier,
2008.)
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difficulties, and gastroparesis. Limb weakness
in the newborn is more often proximal than
distal. Tendon reflexes are usually absent in
weak muscles. Percussion does not elicit myoto-
nia in newborns, nor is EMG a reliable study.

Neonatal mortality is 16%, with cardiomy-
opathy being a frequent cause of death. Survi-
vors usually gain strength and are able to walk;
however, a progressive myopathy similar to the
late-onset form occurs eventually. Severe men-
tal retardation is the rule and may result from
a combination of early respiratory failure and
a direct effect of the mutation on the brain.
Diagnosis. Suspicion of the diagnosis of con-
genital myotonic dystrophy in the newborn
requires examination of the mother. She is
likely to have many clinical features of the dis-
ease and show myotonia on EMG. Showing
DNA amplification on chromosome 19 in both
mother and child confirms the diagnosis. Car-
rier testing is available on at-risk, nonsympto-
matic family members.
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Management. The immediate treatment is intu-
bation and mechanical ventilation. Joint contrac-
tures respond to physical therapy and casting.
Metoclopramide alleviates gastroparesis.
Metabolic Myopathies

Acid Maltase Deficiency
(Pompe Disease)

Acid maltase is a lysosomal enzyme, present in
all tissues, that hydrolyzes maltose and other
branches of glycogen to yield glucose (Tinkle
and Leslie, 2007). It has no function in main-
taining blood glucose concentrations. Three
distinct clinical forms of deficiency are recog-
nized: infantile, childhood (see Chapter 7),
and adult. Transmission of all forms is by auto-
somal recessive inheritance. The defective
gene site is chromosome 17q25.2-25.3.

Clinical Features. The infantile form may
begin immediately after birth, but usually
appears during the second month. Profound
generalized hypotonia without atrophy and
congestive heart failure are the initial symp-
toms. Hypotonia is the result of glycogen stor-
age in the brain, spinal cord, and skeletal
muscles, causing mixed signs of cerebral and
motor unit dysfunction: decreased awareness
and depressed tendon reflexes. The mixed
signs may be confusing, but the presence of
cardiomegaly is almost diagnostic. The electro-
cardiogram shows abnormalities, including
short PR intervals and high QRS complexes
on all leads. Most patients die of cardiac fail-
ure by 1 year of age.

Less severe cardiomyopathy, absence of left
ventricular outflow obstruction, and less than
5% of residual acid maltase activity are charac-
teristic of a second, milder subtype of the
infantile form. Longer survival is possible with
assisted ventilation and intubation.

Diagnosis. Measurement of acid a-glucosidase
enzyme activity is diagnostic. Muscle biopsy re-
veals muscle fibers with large vacuoles packed
with glycogen. Acid maltase activity is deficient
in fibroblasts and other tissues. Molecular ge-
netic testing is available.

Management. Individualized care of cardiomy-
opathy is required. Begin enzyme replacement
therapy with Myozyme (alglucosidase alfa) as
soon as possible. Most infants treated before
6 months of age and before requiring ventila-
tory assistance showed improved survival,
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ventilator-independent survival, acquisition of
motor skills, and decreased cardiac mass com-
pared with untreated controls. There was also
improvement in skeletal muscle functions.
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7
Flaccid Limb Weakness
in Childhood
Most children with acute or chronic flaccid
limb weakness have a disorder of the motor
unit. Flaccid leg weakness may be the initial
feature of disturbances in the lumbosacral
region, but other symptoms of spinal cord dys-
function are usually present. Also, consult
Table 12-1 when considering the differential
diagnosis of flaccid leg weakness without arm
impairment. Cerebral disorders may cause
flaccid weakness, but dementia (see Chapter 5)
or seizures (see Chapter 1) are usually concomi-
tant features.
Table 7-1 Symptoms of Neuromuscular
Disease

Abnormal gait
Steppage
Toe walking
Waddling

Easy fatigability
Frequent falls
Slow motor development
Specific disability

Arm elevation
Climbing stairs
Hand grip
Rising from floor
CLINICAL FEATURES OF
NEUROMUSCULAR DISEASE

Weakness is decreased strength, as measured
by the force of a maximal contraction. Fatigue
is inability to maintain a less-than-maximal
contraction, as measured by exercise toler-
ance. Weak muscles are always more easily
fatigued than normal muscles, but fatigue
may occur in the absence of weakness. Chap-
ter 8 discusses conditions in which strength is
normal at rest, but muscles fatigue or cramp
on exercise.

Initial Complaint

Limb weakness in children is usually noted
first in the legs and then in the arms (Table
7-1). This is because the legs bear greater
weight than the arms and walking is impaired.
Delayed development of motor skills is often
an initial or prominent feature in the history
of children with neuromuscular disorders.
Marginal motor delay in children with other-
wise normal development rarely raises con-
cern and is often considered part of the
spectrum of normal development. Prompts
for neurological consultation in older chil-
dren with neuromuscular disorders are failure
to keep up with peers or easy fatigability.

An abnormal gait can be the initial symp-
tom of either proximal or distal leg weakness.
With proximal weakness, the pelvis fails to sta-
bilize and waddles from side to side as the
child walks. Running is especially difficult
and accentuates the hip waddle. Descending
stairs is particularly difficult in children with
quadriceps weakness; the knee cannot lock
and stiffen. Difficulty with ascending stairs sug-
gests hip extensor weakness. Rising from the
floor or a deep chair is difficult, and the hands
help to push off.

Stumbling is an early complaint when there
is distal leg weakness, especially weakness of
the evictors and dorsiflexors of the foot. Fall-
ing is first noted when the child walks on
uneven surfaces. The child is thought clumsy,
but after a while, parents realize that the child
is “tripping on nothing at all.” Repeated ankle
spraining occurs because of lateral instability.
Children with footdrop tend to lift the knee
177



Figure 7-1 Gower sign. The child rises from the
floor by pushing off with the hands to overcome
proximal pelvic weakness.

Table 7-2 Signs of Neuromuscular Disease
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high in the air so that the foot will clear the
ground. The weak foot then comes down with
a slapping motion (steppage gait).

Toe walking is commonplace in Duchenne
muscular dystrophy because the pelvis thrusts
forward to shift the center of gravity and the
gastrocnemius muscle is stronger than the
peroneal muscles. Toe walking occurs also in
upper motor neuron disorders that cause spas-
ticity and in children who have tight heel
cords but no identifiable neurological disease.
Muscular dystrophy is usually associated with
hyporeflexia and spasticity with hyperreflexia.
However, the ankle tendon reflex may be diffi-
cult to elicit when the tendon is tight for any
reason.

Adolescents, but usually not children, with
weakness report specific disabilities. A young
woman with proximal weakness may have diffi-
culty keeping her arms elevated to groom her
hair or rotating the shoulder to get into and
out of garments that have a zipper or hook
in the back. Weakness of hand muscles often
comes to attention because of difficulty with
handwriting. Adolescents may notice difficulty
in unscrewing jar tops or working with tools.
Teachers report to parents when children are
slower than their classmates in climbing stairs,
getting up from the floor, and skipping and
jumping. Parents may report a specific prob-
lem to the physician, but more often they
define the problem as inability to keep up with
peers.

A child whose limbs are weak also may have
weakness in the muscles of the head and neck.
Specific questions should be asked about dou-
ble vision, drooping eyelids, difficulty chewing
and swallowing, change of facial expression
and strength (whistling, sucking, chewing,
blowing), and the clarity and tone of speech.
Weakness of neck muscles is frequently noticed
when the child is a passenger in a vehicle that
suddenly accelerates or decelerates. The neck
muscles are unable to stabilize the head, which
snaps backward or forward.
Observation

Atrophy and hypertrophy
Fasciculations
Functional ability

Palpation

Muscle texture
Tenderness

Examination

Joint contractures
Myotonia
Strength
Tendon reflexes
Physical Findings

The examination begins by watching the child
sit, stand, and walk. A normal child sitting
cross-legged on the floor can rise to a stand-
ing position in a single movement without using
the hands. This remarkable feat is lost sometime
after age 15 in most children, and then rising
from a low stool is a better test of proximal leg
strength. The child with weak pelvic muscles
uses the hands for assistance (Fig. 7-1), and with
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progressive weakness, the hands are used to
climb up the legs (Gower sign).

After normal gait is observed, the child is
asked to walk first on the toes and then on
the heels (Table 7-2). Inability to walk on the
toes indicates gastrocnemius muscle weakness,
and inability to walk on the heels indicates
weakness of the anterior compartment mus-
cles. Push-ups are a quick test of strength in
almost all arm muscles. Most normal children
can do at least one push-up. Then ask the
child to touch the tip of the shoulder blade
with the ipsilateral thumb. This is an impossi-
ble task when the rhomboids are weak.

Finally, face and eye movements are tested.
The best test of facial strength is to blow out
the cheeks and hold air against compression.



Table 7-3 Progressive Proximal Weakness

Spinal Cord Disorders (see Chapter 12)

Juvenile Spinal Muscular Atrophies

Autosomal dominant
Autosomal recessive

GM2 Gangliosidosis (Hexosaminidase A Deficiency)

Myasthenic Syndromes

Acquired limb-girdle myasthenia
Slow-channel syndrome

Muscular Dystrophies

Bethlem myopathy
Dystrophinopathies
Facioscapulohumeral syndrome
Severe childhood autosomal recessive muscular

dystrophy

Inflammatory Myopathies

Dermatomyositis
Polymyositis

Metabolic Myopathies

Acid maltase deficiency
Carnitine deficiency
Debrancher enzyme deficiency (see Chapter 8)
Lipid storage myopathies
Mitochondrial myopathies (see Chapter 8)
Myophosphorylase deficiency (see Chapter 8)

Endocrine Myopathies
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Normally the lips are smooth. Wrinkling of the
perioral tissues and failure to hold air indicate
facial weakness. During this period of observation
and again during muscle strength testing, the
physician should look for atrophyorhypertrophy.
Wasting of muscles in the shoulder causes bony
prominences to stand out even further. Wasting
of hand muscles flattens the thenar and hypo-
thenar eminences. Wasting of the quadriceps
muscles causes a tapering appearance of the
thigh that exaggerates when the patient tenses
the thigh by straightening the knee. Atrophy
of the anterior tibial and peroneal muscles gives
the anterior border of the tibia a sharp appear-
ance, and atrophy of the gastrocnemius muscle
diminishes the normal contour of the calf.

Loss of tendon reflexes occurs early in
denervation, especially when sensory nerves
are involved, but parallels the degree of weak-
ness in myopathy. Tendon reflexes are usually
normal even during times of weakness in
patients with myasthenia gravis and may be
normal between episodes of recurrent weak-
ness in those with metabolic myopathies. The
description of myotonia, a disturbance in mus-
cle relaxation following contraction, is given
in the section “Myotonic Dystrophy.”
Adrenal cortex
Parathyroid
Thyroid
PROGRESSIVE PROXIMAL

WEAKNESS

Progressive proximal weakness in childhood is
most often due tomyopathy, usually a muscular
dystrophy (Table 7-3). Juvenile spinal muscular
atrophy (SMA) is the only chronic denervating
disease in which weakness is more proximal
than distal. Electromyography and muscle
biopsy readily distinguish it frommyopathic dis-
orders. Limb-girdlemyasthenia is rare, but is an
important consideration because specific treat-
ment is available (Table 7-4).

Spinal Muscular Atrophies

Autosomal Recessive Type

Although age at onset distinguishes three sub-
types of SMA, the subtypes are actually a con-
tinuum. The severe type (SMA I) always
begins before 6 months of age (see Chapter
6), the intermediate type (SMA II) begins
between 6 and 18 months, and the juvenile
type (SMA III) begins after 18 months. The
SMN1 (survival motor neuron) gene located
at 5q12.2-q13.3 is believed to be the primary
gene associated with SMA (Prior and Russman,
2006). Normal individuals have both the
SMN1 and the SMN2, an almost identical copy
of the SMN1 gene, on each chromosome.
Almost all affected individuals are homozygous
for the absence of exons 7 and 8 of SMN1.
Larger number of SMN2 copies correlate with
milder phenotypes.

Clinical Features. In SMA II, fetalmovements are
normal and the child is normal at birth. The ini-
tial feature of SMA II is delayed motor develop-
ment. As a rule affected children achieve sitting
balance, but are unable to stand unsupported
and are wheelchair bound. A fine hand tremor
is often present. Contractures of the hips and
knees and scoliosis eventually develop. Some of
those affected die in childhood because of respi-
ratory failure, but most survive to adulthood. An
unusual form of SMA II is one that begins with
head drop followed by generalized weakness
and respiratory insufficiency. This variant causes
death by 3 years of age.

The initial feature of SMA III is gait instabil-
ity caused by proximal weakness. Similar to
SMA II, a fine action tremor is common. Dis-
ease progression is very slow, sometimes in a
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Table 7-4 Distinguishing Features in Proximal Weakness

Neuronopathy Myopathy Myasthenia

Tendon reflexes Absent Depressed or absent Normal
Electromyography Fasciculations; denervation

potentials; high-amplitude
polyphasic motor potentials

Brief, low-amplitude polyphasic
motor units

Normal

Nerve conduction Normal or slightly slow Normal Abnormal
repetitive
stimulation

Creatine kinase
concentration

Normal or slightly increased Increased Normal

Muscle biopsy Group atrophy, group typing Fiber necrosis, fatty replacement,
excessive collagen

Normal
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stepwise fashion, and often seems arrested.
Weakness may progress to either the distal
muscles of the legs or the proximal muscles
of the arms. The hands are the last parts
affected. Facial muscles may be weak, but
extraocular motility is always normal. Tendon
reflexes are hypoactive or absent. The sensory
examination is normal. Cases with ophthalmo-
plegia are probably genetically distinct.

Some children have more profound weak-
ness of the arms than of the legs and are likely
to have facial weakness as well. Within a family,
some children may have predominant leg
weakness, whereas their siblings may have pre-
dominant arm weakness.

Diagnosis. Demonstrating the gene abnormal-
ity on chromosome 5 establishes the diagnosis.
EMG and muscle biopsy are unnecessary if
genetic analysis shows the appropriate muta-
tion. The findings on both studies are similar
to those described for SMA I in Chapter 6.
The serum creatine kinase (CK) concentra-
tion may be two to four times the upper limit
of normal, and the increase in concentration
correlates directly with the duration of illness.

Management. Proper management of SMA in
children increases longevity and decreases dis-
ability. The goals are to maintain function and
prevent contractures. Children who quickly take
to a wheelchair develop disuse atrophy. Dietary
counseling prevents obesity, which only increases
the strain on weak muscles. The prevention of
contractures usually requires range-of-motion
exercise and the early use of splints, especially
at night. Families need genetic counseling.

Autosomal Dominant Type

There are several types of childhood autoso-
mal dominant SMA. Genetic linkage is not
180
on chromosome 5. The onset of weakness is
from childhood into adulthood. A new domi-
nant mutation would be difficult to distinguish
from the autosomal recessive form.

Clinical Features. A more generalized pattern
of weakness is more prominent in the auto-
somal dominant type than in the autosomal
recessive type, but proximal muscles are
weaker than distal muscles. The weakness is
slowly progressive and may stabilize after ado-
lescence. Most patients walk and function
well into middle and late adult life. Bulbar
weakness is unusual and mild when present.
Extraocular muscles are not affected. Tendon
reflexes are depressed or absent in weak
muscles. Joint contractures are uncommon.

Diagnosis. The serum CK concentration is nor-
mal or only slightly increased. The results of
EMG are the basis for diagnosis.

Management. Treatment for the dominant type
is the same as for the recessive type. Ante-
natal diagnosis is not available. When the fam-
ily has no history of SMA, genetic counseling is
difficult, but autosomal dominant inheritance
is a consideration if the onset is after 3 years
of age.

X-Linked Type

Children with this type have arthrogryposis as
a major feature and are discussed in Chapter 6.
GM2 Gangliosidosis

Tay-Sachs disease (see Chapter 5) is the typical
clinical expression of hexosaminidase A defi-
ciency. Several phenotypic variants of the
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enzyme deficiency with onset throughout child-
hood and adult life exist. Transmission of all var-
iants is by autosomal recessive inheritance. The
initial features of the juvenile-onset type mimic
those of juvenile SMA (Navon et al, 1997).

Clinical Features. Cramps, weakness, and wast-
ing of the proximal leg muscles begin after
infancy and frequently not until adolescence.
Distal leg weakness, proximal and distal arm
weakness, and tremor follow. Symptoms of
cerebral degeneration (personality change,
intermittent psychosis, and dementia) become
evident after motor neuron dysfunction is
established.

Examination shows a mixture of upper and
lower motor neuron signs. The macula is usu-
ally normal, and the cranial nerves are intact,
with the exception of atrophy and fascicula-
tions in the tongue. Fasciculations also may
be present in the limbs. Tendon reflexes are
absent or exaggerated, depending on the rela-
tive severity of upper and lower motor neuron
dysfunction. Plantar responses are sometimes
extensor and sometimes flexor. Tremor, but
not dysmetria, is present in the outstretched
arms, and sensation is intact.

Some children never develop cerebral symp-
toms and have only motor neuron disease;
some adults have only dementia and psycho-
sis. The course is variable and compatible with
prolonged survival.

Diagnosis. The serum CK concentration is
normal or only slightly increased. Motor and
sensory nerve conduction velocities are nor-
mal, but needle EMG shows neuropathic
motor units. Showing a severe deficiency or
absence of hexosaminidase A activity in leuko-
cytes or cultured fibroblasts establishes the
diagnosis.

Management. No treatment is available. Hetero-
zygote detection is possible because enzyme
activity is partially deficient. Prenatal diagnosis
is available.
Myasthenic Syndromes

Proximal weakness and sometimes wasting may
occur in acquired immune-mediated myasthe-
nia and in a genetic myasthenic syndrome.

Limb-Girdle Myasthenia

Limb-girdle myasthenia is immune-mediated
myasthenia gravis that begins as progressive
proximal weakness of the limbs and affects ocu-
lar motility later. This entity is very uncommon.

Clinical Features. Onset is after 10 years of age,
and girls are more often affected than are
boys. Weakness does not fluctuate greatly with
exercise. Muscles of facial expression may be
affected, but other bulbar function is not. Ten-
don reflexes are usually present, but may be
hypoactive. The clinical features suggest limb-
girdle dystrophy or polymyositis.

Diagnosis. The diagnosis of limb-girdle myas-
thenia is possible in every child with proximal
weakness and preserved tendon reflexes.
Repetitive nerve stimulation shows a decre-
mental response, and the serum concentra-
tion of antibodies that bind the acetylcholine
receptor is increased. No reports of families
with limb-girdle myasthenia affecting two or
more siblings have appeared recently. Some
of these families may have had the slow-channel
syndrome or another genetic myasthenia.

Management. The treatment is the same as for
other forms of antibody-positive myasthenia
(see Chapter 15).

Slow-Channel Syndrome

The slow-channel syndrome is a genetic disor-
der of the skeletal muscle acetylcholine recep-
tor (Croxen et al, 2002). Genetic transmission
is by autosomal dominant inheritance.

Clinical Features. No symptoms are present at
birth. Onset is usually during infancy, but delay
until adult life occurs. Weakness of the cervical
and scapular muscles is often the initial fea-
ture. Other common features are exercise
intolerance, ophthalmoparesis, and muscle
atrophy. Ptosis, bulbar dysfunction, and leg
weakness are unusual. The syndrome pro-
gresses slowly, and many patients do not come
to medical attention until after the first decade.

Diagnosis. Weakness does not respond either to
injection or to oral administration of anticholin-
esterase medication. Two patients were hyper-
sensitive to edrophonium (Tensilon) and
responded with muscarinic side effects. Repeti-
tive nerve stimulation at a rate of three stimuli
per second causes an abnormal decremental
response, and single-nerve stimulation causes a
repetitivemuscle potential. Muscle biopsy shows
type I fiber predominance. Group atrophy,
tubular aggregates, and an abnormal endplate
configuration are present in some specimens.
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Management. Cholinesterase inhibitors, thy-
mectomy, and immunosuppression are not
effective. Quinidine sulfate improves strength,
and fluoxetine is equally beneficial in patients
who do not tolerate quinidine (Harper et al,
2003).
Muscular Dystrophies

No agreed-on definition of muscular dystro-
phy exists. I prefer to use the term to embrace
all genetic myopathies caused by a defect in a
structural protein (Fig. 7-2). Enzyme deficien-
cies, such as acidmaltase deficiency, are not dys-
trophies, but rather metabolic myopathies. For
most dystrophies, the abnormal gene and gene
product are established.

Several muscular dystrophies characterized
by progressive proximal muscle weakness are
encompassed by the term limb-girdle muscular dys-
trophy (LGMD). (Gordon et al, 2007). Discussion
of LGMD transmitted by X-linked inheritance
appears in “Dystrophinopathies: Duchenne and
Becker Muscular Dystrophies.” Danon disease, an
X-linked cardiomyopathy and skeletal myopathy
with onset in late adolescence (Sugie et al,
2002), is not discussed here.

Themore common forms of LGMD transmit-
ted by autosomal dominant inheritance are sca-
pulohumeral (facioscapulohumeral muscular
dystrophy) dystrophy (see Chapter 17), the
dominant form of Emery-Dreifuss dystrophy,
Bethlem myopathy, and the myopathies asso-
ciated with caveolinopathies. The caveolinopa-
thies are uncommon and not discussed.

Autosomal recessive types may begin in
childhood or adult life. These are distinguish-
able by the location of the abnormal gene and
in some cases by the abnormal gene product
(Table 7-5). Deficiencies in the dystrophin-
Sarcoglycans:
�, �, �, �, Sarcospan

�-Dystroglycan

Dystrophin

�-Dystroglycan

Laminin-2

Syntrophins

Muscle agrin

Laminin-2

Integrin

F-Actin
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associated glycoprotein complex called the
sarcoglycan cause many. Some of the pheno-
types are similar to Duchenne muscular dys-
trophy (DMD) and explain most cases of
affected females with a DMD phenotype (see
“Severe Childhood Autosomal Recessive Mus-
cular Dystrophy”).

Bethlem Myopathy

Bethlemmyopathy is a slowly progressive LGMD
that is transmitted by autosomal dominant
inheritance. The abnormal gene links to the col-
lagen type VI gene located on chromosome 21
(Lampe et al, 2007).

Clinical Features. The onset of contractures
or weakness is always in the first 2 years.
Diminished fetal movements and congenital
hypotonia may be present. The usual initial
features are congenital flexion contractures
of the elbows, ankles, and interphalangeal
joints of the last four fingers, but with
sparing of the spine. The contractures are
at first mild and unrecognized by parents.
Mild proximal weakness and delayed motor
development are common. Both the contrac-
tures and the weakness progress slowly and
produce disability in middle life but do not
shorten the life span. Tendon reflexes are
normal or depressed. Cardiomyopathy does
not occur.

Diagnosis. Molecular genetic testing is avail-
able. The serum CK concentration is normal
or slightly increased, EMG usually shows
myopathy, and muscle biopsy specimen shows
a nonspecific myopathy.

Management. Physical therapy for contractures
is the main treatment.
Intracellular
components

Sarcolemma

Extracellular
matrix

Figure 7-2 Structural proteins
ofmuscle fibers.



Table 7-5 Autosomal Recessive Limb-Girdle Muscular Dystrophies

LGMD Location Gene Product Clinical Features

LGMD-2A 15q Calpain 3 Onset at 8–15 yr, progression variable
LGMD-2B 2p13-16 Dysferlin Onset at adolescence, mild weakness; gene site is the

same as for Miyoshi myopathy
LGMD-2C 13q12 Sarcoglycan Duchenne-like, severe childhood autosomal recessive

muscular dystrophy 1
LGMD-2D 17q21 a-Sarcoglycan

(adhalin)
Duchenne-like, severe childhood autosomal recessive
muscular dystrophy 2

LGMD-2E 4q12 b-Sarcoglycan Phenotype between Duchenne and Becker muscular
dystrophies

LGMD-2F 5q33-34 Sarcoglycan Slowly progressive, growth retardation

LGMD, limb-girdle muscular dystrophy.
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Dystrophinopathies: Duchenne
and Becker Muscular Dystrophies

DMD and Becker muscular dystrophy are vari-
able phenotypic expressions of a gene defect
at the Xp21 site (Darras et al, 2008). Several
different phenotypes are associated with
abnormalities at the Xp21 site (Table 7-6).
The abnormal gene product in both DMD
and Becker muscular dystrophy is a reduced
muscle content of the structural protein dys-
trophin. In DMD, the dystrophin content is
0% to 5% of normal, and in Becker muscular
dystrophy, the dystrophin content is 5% to
20% of normal. DMD has a worldwide distri-
bution, with a mean incidence of 1 in 3500
male births. The traditional phenotypic differ-
ence between the two dystrophies is that
Becker muscular dystrophy has a later age at
onset (after age 5), unassisted ambulation
after age 15, and survival into adulthood. How-
ever, a spectrum of intermediate phenotypes
exists depending on dystrophin content.

Among the spectrum of dystrophinopathy
phenotypes are quadriceps myopathy and cramps
on exercise. The characteristic features of quadri-
ceps myopathy are slowly progressive weakness
Table 7-6 Phenotypes Associated
with the Xp21 Gene Site

Becker muscular dystrophy
Dilated cardiomyopathy without skeletal muscle

weakness
Duchenne muscular dystrophy
Familial X-linked myalgia and cramps (see Chapter 8)
McLeod syndrome (elevated serum creatine kinase

concentration, acanthocytosis, and absence of Kell
antigen)

Mental retardation and elevated serum creatine kinase
Quadriceps myopathy
of the quadriceps muscle, calf enlargement,
and an increased serum CK concentration.

Clinical Features. The initial feature in most
boys with DMD is a gait disturbance; onset is
always before age 5 and often before age 3.
Toe walking and frequent falling are typical
features. Often, one obtains a history of
delayed achievement of motor milestones.
Early symptoms are insidious and likely dis-
missed by both parents and physicians. Only
when proximal weakness causes difficulty in
rising from the floor and there is an obvious
waddling gait is medical attention sought. At
this stage, mild proximal weakness is present
in the pelvic muscles and the Gower sign is
present (see Fig. 7-1). The calf muscles are
often large (Fig. 7-3). The ankle tendon is
tight, and the heels do not quite touch the
floor. Tendon reflexes may still be present at
the ankle and knee but are difficult to obtain.

The decline in motor strength is linear
throughout childhood. Motor function usually
appears static between the ages of 3 and
6 years because of cerebral maturation. Most
children maintain their ability to walk and
climb stairs until 8 years of age. Between ages
3 and 8, the child shows progressive contrac-
tures of the ankle tendons and iliotibial bands,
increased lordosis, a more pronounced wad-
dling gait, and increased toe walking. Gait is
more precarious, and the child falls more
often. Tendon reflexes at the knees and ankles
are lost, and proximal weakness develops in
the arms.

The range of intelligence scores in boys
with DMD shifts downward. Although most of
these boys function in the normal range, the
percentage of those with learning disabilities
and mental retardation is increased.

Even within the DMD phenotype, consider-
able variability of expression occurs. On average,
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Figure 7-3 Enlarged calf muscles in Duchenne
muscular dystrophy. Enlarged calves also occur in
other neuromuscular disorders.

Figure 7-4 Asymmetrical scapular winging in facio-
scapulohumeral dystrophy. (Reprinted with permission
from Preston DC, Shapiro BE, Robinson JA: Proximal,
distal, and generalized weakness. In Bradley WG,
Daroff R, Fenichel G, Jankovic J [eds]: Neurology in
Clinical Practice, 5th ed. Philadelphia, Elsevier, 2008,
Fig 27-2.)
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functional ability declines rapidly after 8 years
of age because of increasing muscle weakness
and contractures. By 9 years of age, some chil-
dren require a wheelchair, but most can remain
ambulatory until age 12 and may continue to
stand in braces until age 16.

Scoliosis occurs in some boys, and early use
of a wheelchair is not the cause. Deterioration
of vital capacity to less than 20% of normal
leads to symptoms of nocturnal hypoventila-
tion. The child awakens frequently and is
afraid to sleep. The immediate cause of death
is usually a combination of respiratory insuffi-
ciency and cardiomyopathy. In some patients
with chronic hypoxia, intercurrent infection
or aspiration causes respiratory arrest.

Diagnosis. Before 5 years of age, the serum CK
concentration is 10 times the upper limit of
normal. The concentration then declines with
age at an approximate rate of 20% per year.

Mutation analysis is the standard for diag-
nosis, carrier detection, and fetal diagnosis.
Intragenic deletions occur in 60% of affected
boys and duplications in another 6%. Dystro-
phin analysis of muscle is useful to distin-
guish DMD from Becker muscular dystrophy.
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However, muscle biopsy is not essential when
molecular diagnosis is positive.

Management. Althoughnotcurable,DMDis treat-
able. Prednisone, 0.75 mg/kg/day, increases
strength and function. Treatment goals are to
maintain function, prevent contractures, and
provide psychological support not only for the
child but also for the family. The child must be
kept standing and walking as long as possible.
Passive stretching exercises prevent contrac-
tures, lightweight plastic ankle-foot orthoses
maintain the foot in a neutral position during
sleep, and long-leg braces maintain walking.
Scoliosis is neither preventable nor reversible
by external appliances; only surgery is effective
to straighten the spine.

Facioscapulohumeral Dystrophy

Although the classification of progressive facio-
scapulohumeral (FSH) weakness is as a muscu-
lar dystrophy, patients with genetic FSH
weakness may have histological evidence of
myopathy, neuropathy, and inflammation. The
FSH syndrome is associated with a deletion
within a repeat motif named D4Z4 at chromo-
some 4q35 (Figlewicz and Tawil, 2005). The size
of the deletion correlates with the severity of dis-
ease. Considerable interfamily and intrafamily
heterogeneity exists. A negative family history
may result because affected family members
are unaware that they have a problem.

Clinical Features. Weakness usually begins in
the second decade. Initial involvement is often
in the shoulder girdle (Fig. 7-4), with subsequent
spread to the humeral muscles. The deltoid is
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never affected. Facial weakness is present
but often overlooked until late in the course.
The progression of weakness is insidious and
delays the diagnosis. Late in the course, leg
muscles may be involved. Anterior tibial
weakness is most prominent, but proximal
weakness may occur as well.

The course of FSH syndrome is variable.
Many patients do not become disabled, and
their life expectancy is normal. Others are
wheelchair bound in adult life. In the infantile
form, progression is always rapid and disability
is always severe (see Chapter 17). Deafness
and retinal vascular abnormalities are part of
the phenotype. The most severe manifesta-
tions are retinal telangiectasia, exudation,
and detachment (Coates disease).

Diagnosis. Molecular genetic testing is the
standard for diagnosis. The serum CK concen-
tration can be normal or increased to five
times normal. The electromyogram (EMG)
may show denervation potentials, myopathic
motor units, or both. Histological changes
are minimal in many limb muscles and are
never diagnostic. Occasional fibers are myo-
pathic, some appear denervated, and inflam-
matory cells may be present.

Management. No treatment for the weakness is
available. Retinal examination for Coates dis-
ease is required. Coagulation of retinal telan-
giectasia prevents blindness.

Proximal Myotonic Dystrophy

Myotonic dystrophy 2 or proximal myotonic
dystrophy is genetically distinct from the more
common distal form (myotonic dystrophy 1).
A CCTG repeat expansion is present at locus
3q21. Unlike myotonic dystrophy 1, a congen-
ital form does not exist (Day et al, 2003).
Onset of symptoms is usually between the
third and fourth decades of life, although
myotonia may be present in childhood. There-
fore, discussion of the disorder is inappropri-
ate for this text except to state that molecular
genetics testing is available for children at risk.

Severe Childhood Autosomal Recessive
Muscular Dystrophy

A deficiency of any of the subunits of the sar-
coglycan complex of proteins associated with
dystrophin causes severe childhood autosomal
recessive muscular dystrophy (see Table 7-6).
Sarcoglycan complex defects account for 11%
of children with Duchenne phenotypes.
Clinical Features. Severe childhood autosomal
recessive muscular dystrophy affects both gen-
ders equally. The clinical features are identical
to those described for the dystrophinopathies.

Diagnosis. Severe childhood autosomal reces-
sive muscular dystrophy is a likely diagnosis
in all girls with a Duchenne phenotype and
in boys who appear to have DMD but show
normal dystrophin content in muscle. Immu-
nohistochemical reagents applied to muscle
sections show the absence or presence of the
sarcoglycan components. Mutation analysis is
available for diagnosis.

Management. Management is similar to that of
DMD.
Inflammatory Myopathies

The inflammatory myopathies are a heteroge-
neous group of disorders whose causes are
infectious, immune mediated, or both. A pro-
gressive proximal myopathy occurs in adults,
but not in children, with acquired immunode-
ficiency syndrome. However, the serum CK
concentration is increased in children with
acquired immunodeficiency syndrome treated
with zidovudine. The description of acute infec-
tious myositis appears in the section “Acute
GeneralizedWeakness.” Immune-mediatedcondi-
tions are discussed in this section.

Dermatomyositis

Dermatomyositis is a systemic angiopathy in
which vascular occlusion and infarction account
for all pathological changes observed in muscle,
connective tissue, skin, gastrointestinal tract,
and small nerves. More than 30% of adults with
dermatomyositis have an underlying malig-
nancy, but cancer is not a factor before the age
of 16. The childhood form of dermatomyositis
is a relatively homogeneous disease.

Clinical Features. Peak incidence is generally
between the ages of 5 and 10 years, but onset
may be as early as 4 months. The initial fea-
tures may be insidious or fulminating. Fever,
fatigue, and anorexia in the absence of rash
or weakness are characteristic of the insidious
onset. These symptoms may persist for weeks
or months and suggest an underlying infec-
tion. Dermatitis precedes myositis in most chil-
dren. Erythematous discoloration and edema
of the upper eyelids that spread to involve
the entire periorbital and malar regions are
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Figure 7-5 Perifascicular atrophy in childhood
dermatomyositis (trichrome stain). The muscle
fibers at the edge of each fascicle are atrophied
(arrow).

Chapter 7 Flaccid Limb Weakness in Childhood
characteristic. Erythema and edema of the
extensor surfaces overlying the joints of the
knuckles, elbows, and knees develop later.
With time, the skin appears atrophic and scaly.
In chronic, long-standing dermatomyositis of
childhood, the skin changes may be more dis-
abling than the muscle weakness.

Proximal weakness, stiffness, and pain char-
acterize the myopathy. Weakness becomes
generalized, and flexion contractures develop
rapidly and cause joint deformities. Tendon
reflexes become increasingly difficult to
obtain and finally disappear.

Calcinosis of subcutaneous tissue, especially
under discolored areas of skin, occurs in 60%
of children. When severe, it produces an
armor-like appearance, termed calcinosis uni-
versalis, on radiographs. In some children,
stiffness is the main initial feature, and skin
and muscle symptoms are only minor. In the
past, gastrointestinal tract infarction was a
leading cause of death. The mortality rate is
less than 5% with modern treatment.

Diagnosis. The combination of fever, rash,
myalgia, and weakness is compelling evidence
for the diagnosis of dermatomyositis. The
serum CK concentration is usually increased
early in the course. During the time of active
myositis, the resting EMG shows increased
insertional activity, fibrillations, and positive
sharp waves; muscle contraction produces
brief, low-amplitude polyphasic potentials.
The diagnostic feature of a muscle biopsy
specimen is perifascicular atrophy (Fig. 7-5).
Capillary necrosis usually starts at the periph-
ery of the muscle fascicle and causes ischemia
in the adjacent muscle fibers. The most pro-
found atrophy occurs in fascicular borders
that face large connective tissue septae.

Management. The inflammatory process is
active for approximately 2 years. Corticoste-
roids may suppress the inflammatory response
and provide symptomatic relief, but do not
cure the underlying disease. The best results
are obtained when corticosteroids are started
early at high doses and are continued for long
periods.

Initiate prednisone at 2 mg/kg/day, not to
exceed 100 mg/day. The response follows a
predictable pattern. Temperature returns to
normal within 48 hours. The serum CK con-
centration returns to normal by the second
week, and muscle strength increases simulta-
neously. When these events occur, decrease
the prednisone dose to alternate-day therapy
to reduce the frequency and severity of
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corticosteroid-induced side effects. Alternate-
day or every-day therapy is equally effective if
the doses are large and the treatment is
continued. As muscle strength increases, taper
the original dose of alternate-day prednisone
by 10% permonth for 5months. Further reduc-
tions are at a rate of 5% per month. For most
children, the alternate-day maintenance dose
needed for normal muscle strength and a nor-
mal serum CK concentration is 25% of the
starting dose.When the response is inadequate,
add methotrexate. A skin rash in response to
prednisone is variable; in some children, the
rash heals completely, but most will have some
permanent scarring from the disease.

Although most children show a dramatic
improvement and seem normal within 3
months, continue prednisone for a full 2
years. Relapse invariably follows premature
discontinuation of treatment. Calcinosis and
contractures are more likely to develop in chil-
dren treated intermittently. Corticosteroids
also are useful in the treatment of calcinosis
universalis. In addition to prednisone, a well-
structured program of physical therapy prevents
contractures.
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Eighty percent of children with dermato-
myositis have a favorable outcome after initiat-
ing high-dose prednisone within 4 months of
the onset of symptoms. Start oral methotrex-
ate, 10 to 20 mg/m2, twice weekly in children
who do not respond to high-dose prednisone.
Regular monitoring of liver function and the
white blood cell count is required.

Plasmapheresis or courses of intravenous
immunoglobulin are a valuable adjunct in
children whose condition is refractory to corti-
costeroids. Once the disease becomes inactive,
reactivation is unlikely. However, late progres-
sion or recurrence may occur and require
treatment with an additional 1-year course of
corticosteroids.

Polymyositis

Polymyositis without evidence of other target
organ involvement is uncommon before
puberty. Children with systemic lupus erythe-
matosus may have myalgia and arthralgia as
early symptoms, but rarely have muscle weak-
ness at onset. Skin, joint, and systemic mani-
festations usually precede the onset of myop-
athy. Polymyositis in children is similar to the
disorder in adults except that malignancy
is not a causative factor.

Clinical Features. Polymyositis begins as a sym-
metrical proximal weakness that develops
insidiously and progresses to a moderate
handicap within weeks to months. The patient
may have prolonged periods of stability or
even remission that suggest the diagnosis of
LGMD because of the slow progress. Tendon
reflexes are present early in the course, but
are less active as muscle bulk is lost. Cardiore-
spiratory complications are less common in
childhood than in adult polymyositis.

Diagnosis. The serum CK concentration is not
always increased, but EMG usually shows both
myopathic and neuropathic features. The mus-
cle biopsy specimen may show several differ-
ent patterns of abnormality, and perivascular
inflammation may not be present. Instead, one
observes features of myopathy, denervation,
or both.

Management. The same treatment schedule
suggested for childhood dermatomyositis is
useful for children with polymyositis. Unfortu-
nately, the response to corticosteroids is far less
predictable in polymyositis than in dermato-
myositis. Treat those who fail to respond to cor-
ticosteroids with methotrexate. Plasmapheresis
and intravenous immunoglobulins are reason-
able alternatives when other remedies fail.
Metabolic Myopathies

Acid Maltase Deficiency
(Pompe Disease)

The initial features of acid maltase deficiency
may occur in infancy, childhood, or adulthood
depending on the percentage of residual
enzyme deficiency. The enzyme defect is the
same regardless of the age at onset, and there
may be different ages at onset in the same fam-
ily. The speed of progression is variable, but
the severity of cardiorespiratory involvement
correlates with the amount of residual enzyme
activity. Transmission is by autosomal recessive
inheritance.

Clinical Features. Infants with acid maltase defi-
ciency have glycogen storage in both skeletal
and cardiac muscles. Death occurs from cardiac
failure during infancy (see Chapter 6). In the
childhood form, only skeletal muscle is
involved and the main clinical feature is slowly
progressive proximal limb weakness. Tendon
reflexes are hypoactive or unobtainable. Some
children have mild hypertrophy of the calves,
simulating DMD. The weakness progresses
steadily and leads to disability and respiratory
insufficiency by 20 years of age. A late age at
onset predicts a more benign course.

Diagnosis. Measuring acid maltase activity cul-
tured skin fibroblasts establishes the diagnosis
of acid maltase deficiency. Complete defi-
ciency is associated with classic infantile onset,
whereas residual activity produces a later dis-
ease onset.

Management. The most recent information
indicates that a-glucosidase is safe and effec-
tive in treating infant-onset Pompe disease
(Kishnani et al, 2007). Begin enzyme replace-
ment therapy with Myozyme (alglucosidase
alfa) as soon as the diagnosis is established.
Myozyme, initiated before age 6 months and
before the need for ventilatory assistance,
improves ventilator-independent survival and
acquisition of motor skills.

Other Carbohydrate Myopathies

Slowly progressive proximal weakness is some-
times the initial feature of McArdle disease
and debrancher enzyme deficiency. Both
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disorders are considerations in the differential
diagnosis. The initial symptom of these disor-
ders is usually exercise intolerance and is dis-
cussed in Chapter 8.

Carnitine Deficiency

Carnitine is an essential cofactor in the trans-
fer of long-chain fatty acids across the inner
mitochondrial membrane and modulates the
ratio of acyl to acyl coenzyme A. Its deficiency
causes a failure in the production of energy
for metabolism and storage of triglycerides. It
occurs (1) in newborns receiving total paren-
teral alimentation, (2) in several systemic dis-
orders, (3) as the result of several genetic
disorders of organic acid metabolism, (4) in
children treated with valproate, (5) and as pri-
mary genetic defects that cause deficiency of
the cellular carnitine transporter. The myo-
pathic and systemic forms are caused by differ-
ent genetic loci.

Transmission of the primary genetic defect,
located on chromosome 5q33.1, is by autoso-
mal recessive inheritance. The clinical features
may be restricted to skeletal muscle or may
include systemic symptoms resembling those
of Reye syndrome (see Chapter 2).

Clinical Features. The main clinical feature of
muscle carnitine deficiency is the childhood
onset of slowly progressive proximal weakness,
affecting the legs before and more severely than
the arms. Sudden exacerbations or fluctuations
are superimposed. Occasionally patients have
recurrent attacks of myoglobinuria and car-
diomyopathy. The cardiomyopathy is usually
asymptomatic but is demonstrable on electro-
cardiography and echocardiography.

Diagnosis. The serum CK concentration is
increased. EMG findings are nonspecific. Mus-
cle biopsy specimens show a vacuolar myopa-
thy with lipid storage mainly in type I fibers.
The biochemical measurement of carnitine,
both free and total, establishes the diagnosis.

Management. Dietary therapy with L-carnitine
is usually effective. Diarrhea is the major side
effect. The usual dose is 100 mg/kg/day in
three or four divided doses.

Other Lipid Myopathies

Children with progressive proximal weakness
associated with lipid storage in muscle and
normal carnitine content usually have a distur-
bance of mitochondrial fatty acid oxidation.
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These disorders are genetically heterogeneous
and difficult to distinguish from other mito-
chondrial myopathies.

Clinical Features. Progressive proximal weak-
ness begins anytime from early childhood to
adolescence. The legs are affected first and
then the arms. Exercise intolerance is noted,
and in some cases, the ingestion of fatty foods
leads to nausea and vomiting. The pattern and
progression of weakness may simulate those of
DMD even to the presence of calf hypertro-
phy. Limb weakness is steadily progressive,
and cardiomyopathy may develop.

Diagnosis. The serum CK concentration is
markedly increased. EMG findings are abnor-
mal and consistent with a myopathic process.
Muscle biopsy is critical to diagnosis. Type I
muscle fibers contain fatty droplets. Carnitine
and carnitine palmitoyl transferase concentra-
tions are normal.

Management. Patients with fat intolerance may
show improvement on a diet free of long-
chain fatty acids.
Endocrine Myopathies

Progressive proximal limb weakness may occur
in children with hyperthyroidism, hypothyroid-
ism, hyperparathyroidism, hypoparathyroid-
ism, hyperadrenalism, and hypoadrenalism.

Clinical Features. Systemic features of endocrine
disease usually predate the onset of weakness.
However, weakness may be the initial feature
in primary or secondary hypoparathyroidism
and in thyroid disorders. Weakness is much
more prominent in the legs than in the arms.
Tendon reflexes, even in weak muscles, are
normal or diminished but generally are not
absent.

Diagnosis. The serum CK concentration is typi-
cally normal. EMG is not useful for diagnosis.
Many endocrinopathies produce both neuropa-
thy and myopathy. In Cushing disease and
hyperparathyroidism, muscle histological stud-
ies show type II fiber atrophy. Other endocri-
nopathies show nonspecific myopathic changes
that vary with the severity of disease.

Management. Treating the underlying endocri-
nopathy corrects the weakness.



Table 7-7 Progressive Distal Weakness

Spinal Cord Disorders (see Chapter 12)

Motor Neuron Diseases

Juvenile amyotrophic lateral sclerosis
Monomelic (see Chapter 13)
Spinal muscular atrophies

Autosomal dominant forms
Autosomal recessive forms

Neuropathies

Hereditary motor-sensory neuropathies
Charcot-Marie-Tooth disease
Familial amyloid neuropathy (see Chapter 9)
Giant axonal neuropathy [16q24]
Other genetic neuropathies
Other lipid neuropathies
Pyruvate dehydrogenase deficiency (see Chapter 10)
Refsum disease
Sulfatide lipidoses: metachromatic leukodystrophy

Neuropathies with systemic diseases
Drug-induced

Systemic vasculitis
Toxins
Uremia

Idiopathic neuropathy
Chronic axonal neuropathy
Chronic demyelinating neuropathy

Myopathies

Autosomal dominant childhood myopathy
Autosomal dominant infantile myopathy
Autosomal recessive distal (Miyoshi) myopathy
Inclusion body myopathies
Myotonic dystrophy

Scapulo(Humeral) Peroneal Syndrome

Emery-Dreifuss muscular dystrophy type 1
Emery-Dreifuss muscular dystrophy type 2
Scapuloperoneal myopathy
Scapuloperoneal neuronopathy
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PROGRESSIVEDISTALWEAKNESS

Neuropathy is the most common cause of
progressive distal weakness (Table 7-7). Among
the slowly progressive neuropathies of child-
hood, hereditary disorders are far more
common than acquired disorders. The only
commonly acquired neuropathy is acute inflam-
matory demyelinating polyradiculoneuropathy
(Guillain-Barré syndrome [GBS]), in which
weakness evolves rapidly.

Diagnosis in Neuronopathy
and Neuropathy

The initial feature of neuropathy in children is
progressive symmetrical distal weakness affect-
ing the legs and then the arms. When sensation
is disturbed, dysesthesias are experienced.
These consist of tingling, “pins and needles,”
or a burning sensation in the feet. Dysesthesias
usually occur in acquired, but not hereditary,
neuropathies. The progression of weakness and
Table 7-8 Electrodiagnosis in Neu

Neuro

Fasciculations þþþ
Denervation potentials þþþ
Reduced number of motor units þþþ
High-amplitude potentials þþþ
Slow motor velocity 0
Reduced sensory potentials 0

0, absent; þ, rare; þþþ, common.
sensory loss is in a distal to proximal direc-
tion (glove-and-stocking distribution). Tendon
reflexes are lost early, especially when sensory
fibers are affected.

An important first step in diagnosis is to
determine the primary site of the disorder: cell
body (anterior horn cell), nerve axon, or mye-
lin. Electrodiagnosis determines localization
(Table 7-8). In primary disorders of the cell
body (neuronopathy), resting muscle shows
fibrillations and fasciculations. Voluntary con-
traction activates reduced numbers of motor
unit potentials whose amplitude is normal or
increased because of collateral reinnervation.
Motor conduction nerve velocity is normal or
only slightly diminished, and the amplitude of
sensory action potentials is normal. In axonopa-
thies, the EMG shows fibrillations at rest and a
decreased number of motor unit potentials that
are normal or increased in amplitude. High-
amplitude potentials may be polyphasic. Motor
nerve conduction velocity slows, and sensory
action potentials have decreased amplitude.
Marked slowing of motor conduction velocity
ropathy

nopathy Axonal Demyelinating

þþþ þ
þþþ þ
þþþ 0
þþþ 0
þ þþþ
þ þþþ
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and reduced amplitudeof sensory evokedpoten-
tials characterize demyelinating neuropathies.
EMG findingsmay benormal early in the course.
Neuronopathy

Juvenile Amyotrophic Lateral Sclerosis

Amyotrophic lateral sclerosis 2–related disor-
ders are a group of motor neuron diseases
affecting mainly the upper motor neurons
but include forms with lower motor neuron
involvement (Bertini et al, 2005).

Clinical Features. Amyotrophic lateral sclerosis
2–related disorders involve retrograde degenera-
tion of the upper motor neurons of the pyrami-
dal tracts and compose a clinical spectrum that
includes pure upper motor neuron disease
(infantile ascending hereditary spastic paraplegia)
and juvenile forms without lower motor neuron
disease involvement (juvenile primary lateral sclero-
sis). Characteristic of juvenile amyotrophic lateral
sclerosis are onset of spasticity with increased
reflexes and sustained clonus of the legs in the
first 2 years and progressive weakness and spas-
ticity of the arms by age 8 years followed by
wheelchair dependence and progressive severe
spastic tetraparesis and a pseudobulbar palsy.

Diagnosis. Molecular genetic testing is available.

Management. Supportive therapy is all that is
available.

Spinal Muscular Atrophy, Distal

The distal form of SMA is also called Charcot-
Marie-Tooth neuropathy type 2D (Goldfarb
and Sivakumar, 2007).

Clinical Features. Onset is in adolescence. The
earliest features in many individuals are transi-
tory cramping and pain in the hands on expo-
sure to cold and cramping in calf muscles on
exertion. Bilateral weakness and atrophy of
thenar and first dorsal interosseus muscles fol-
low, with sparing of the hypothenar eminence
until later. The atrophy usually arrests, but
may progress to involve the legs.

Diagnosis. Molecular genetic testing is not
readily available, and electrodiagnosis is criti-
cal to distinguish these disorders from periph-
eral neuropathies. Motor nerve conduction
velocity is normal despite total denervation of
the small muscles of the foot. Sensory evoked
potentials are also normal. The serum CK
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concentration is usually normal but may be
slightly increased. Muscle biopsy specimens
show nonspecific changes of denervation, and
the sural nerve is normal.

Management. Hand and leg braces may help to
prolong function.

Neuropathy

Charcot-Marie-Tooth Disease

The terms Charcot-Marie-Tooth (CMT) disease
and hereditary motor and sensory neuropathy are
interchangeable terms (Bird, 2007). Each en-
compasses several genetic neuropathies that
are further divisible based on molecular and
linkage findings. The typical patient has pro-
gressive distal weakness, mild to moderate sen-
sory loss, depressed or no tendon reflexes, and
high-arched feet.

CHARCOT-MARIE-TOOTH 1:
DEMYELINATING TYPE

CMT1 (hereditary motor and sensory neuro-
pathy I) is an autosomal dominant form of de-
myelinating neuropathy. It accounts for as many
as 50%of all CMT cases (Bird, 2007). The genetic
abnormality may consist of cases with DNA dupli-
cations of the peripheral myelin protein gene
(PMP2) on chromosome 17p (CMT1A) or an
abnormality of the MPZ gene on chromosome
1q22 (CMT1B). The 17p11duplication causes tri-
somic expression of the peripheral myelin pro-
tein PMP-22. Deletion in the 17p11 region with
monosomic expression of PMP-22 is the cause of
hereditary polyneuropathy with liability to pressure
palsies (see Chapter 13).

Clinical Features. The subtypes are clinically
indistinguishable, and the molecular findings
are the sole basis of designation.

CMT1 is not usually a severe disorder in
childhood. The main early features are pes
cavus, weakness of the peroneal muscles, and
diminished reactivity of the ankle tendon
reflex. With time, the anterior tibial and the
peroneal muscles become weak, producing
footdrop. The calf muscles become weak in
some families but may hypertrophy in some
families with the 17p duplication. Eventually,
usually after 20 years of age, weakness spreads
to the proximal muscles of the legs and hands.
Scoliosis is unusual. Cramps with exercise
are present in weak muscles. Position sense
becomes impaired in the fingers and toes. Dys-
esthesias are never a problem. Hip dysplasia
may be an associated feature.
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Peripheral nerve enlargement occurs in
adults but not in children. Repeated episodes
of demyelination and remyelination are the
cause of enlargement.

Diagnosis. Diagnosis relies on characteristic clin-
ical findings and a family history of the disease.
Motor nerve conduction velocities are less than
50% of normal in affected individuals. The cere-
brospinal fluid protein content is usually normal
in children but may be increased in adults. A
DNA-based test is available for CMT1A that
detects more than 95% of cases. Persons with
CMT1A have three copies of the PMP-22 gene.

Management. No specific treatment is avail-
able, but proper foot care may minimize dis-
comfort and maximize function. Shoes
should be roomy and soft to prevent rubbing
against bony prominences. Footwear molded
to the shape of the foot is especially useful.
When footdrop is present, a lightweight plastic
ankle-foot orthosis that fits into the patient’s
own shoe not only lifts the foot but also pre-
vents turning and injury of the ankle.

CHARCOT-MARIE-TOOTH 2: NEURONAL
TYPE

Genetic transmission of CMT2 is by autosomal
dominant inheritance. CMT2 accounts for
20% to 40% of CMT cases. The phenotype
clinically resembles CMT1, except that the
nerve conduction velocity is either normal or
slightly abnormal. Several subtypes are recog-
nized, and several different genetic abnormal-
ities are associated with a similar phenotype.

Clinical Features. The clinical features of
CMT2 overlap with those of CMT1. In general,
patients with CMT2 are less disabled and have
less sensory loss than do patients with CMT1.
Distal weakness begins in the legs and can be
asymmetrical. Later, the hands are affected.
Tendon reflexes are obtainable to a later age
in CMT2 compared with CMT1. Progression
of symptoms is slow, and disability does not
occur until middle adult life.

Prominent vocal cord and respiratory
(intercostal and diaphragmatic) muscle paral-
ysis occurs in CMT2C. The onset is insidious
and difficult to date precisely. The initial
symptom may be hoarseness or frequent trip-
ping, but neonatal respiratory disturbance also
occurs. The course is one of progressive pero-
neal atrophy with minimal sensory deficit.
CMT2D includes prominent weakness and
atrophy of the hands.
Diagnosis. The cerebrospinal fluid protein
content is normal, as is the serum CK concen-
tration. Because the pathological process is
primarily axonal rather than demyelinating,
motor nerve conduction velocities are either
normal or only slightly slowed (�60% of nor-
mal). The EMG shows a denervation pattern
in affected muscles. DNA-based testing is clini-
cally available for almost all forms.

Management. Management is the same as for
CMT1.

CHARCOT-MARIE-TOOTH 4

CMT4 comprises several different disorders
characterized by progressive motor and sen-
sory neuropathy and autosomal recessive
inheritance. Genetic identification of all loci
and most gene products is complete.

Clinical Features. Affected individuals have the
typical CMTphenotype. Distal muscle weakness
develops in the second year, and proximal mus-
cles are involved by age 10. Associated findings
may include mild sensory loss, absent tendon
reflexes, skeletal deformities, and scoliosis.

Diagnosis. All members of the CMT4 group
are demyelinating neuropathies with normal
protein concentrations in the spinal fluid.
Nerve conduction velocities are slow (15–
17 m/sec). Molecular genetic diagnosis is clin-
ically available for all forms.

Management. The treatment plan is similar to
that for other CMTs.

CHARCOT-MARIE-TOOTH X

Inheritance of CMTX is as an X-linked domi-
nant trait. Mutations in the connexin 32 genes
are associated.

Clinical Features. Affected males have a moder-
ate to severe peripheral neuropathy that tends
to be more severe than that seen in CMT1A.
Females have a mild neuropathy or are asymp-
tomatic. Symptoms develop in males during
the first decade. The initial physical findings
are depressed or absent tendon reflexes and
footdrop. Mild to moderate sensory loss in
the feet and hearing loss may be associated.

Diagnosis. Detection of CMTX is by a DNA-
based test of the connexin 32 gene. The test
detects 100% of cases and is commercially
available.
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Management. The treatment plan is similar to
that for other CMTs.

Other Genetic Neuropathies

GIANT AXONAL NEUROPATHY

Giant axonal neuropathy is a rare disorder trans-
mitted by autosomal recessive inheritance (Kuh-
lenbäumer and Timmerman, 2007). The cause
is in the GAN gene (chromosome 16q24.1)
encoding gigaxonin. The genemaps to chromo-
some 16q24. The underlying defect is one
of generalized intermediate filament organ-
ization, with neurofilaments predominantly
affected. Central and peripheral axons are both
affected.

Clinical Features. Patients with giant axonal
neuropathy have a severe early-onset periph-
eral motor and sensory neuropathy and char-
acteristic tightly curled hair that differs
markedly from that of the parents. Patients
often show signs of central nervous system
involvement including mental retardation,
cerebellar signs (ataxia, nystagmus, dysar-
thria), and pyramidal tract signs.

Both genders are at equal risk, and many
are from consanguineous marriages. Affected
children are pale and thin and have a chronic
polyneuropathy accompanied by kinky pale
hair. Gait impairment usually begins by 3 years
of age but can appear later. Symmetrical distal
atrophy of leg muscles is a constant early fea-
ture. Impairment of vibratory and propriocep-
tive sensations in the legs is profound, and a
diminished or absent tendon reflex response
is the rule. Central involvement may result in
cerebellar dysfunction, dementia, optic atro-
phy, and cranial neuropathies.

Diagnosis. Genetic diagnosis is only on a
research basis. Sural nerve biopsy shows
enlarged axons filled with disrupted neurofila-
ments surrounded by thin or fragmented mye-
lin sheaths. Large myelinated nerve fibers are
mainly affected. Magnetic resonance imaging
of the brain may show increased signal inten-
sity of the white matter.

Management. Treatment is symptomatic.

SULFATIDE LIPIDOSIS: METACHROMATIC
LEUKODYSTROPHY

Metachromatic leukodystrophy is an inherited
disorder of myelin metabolism caused by defi-
cient activity of the enzyme arylsulfatase A
(Fluharty, 2006). Transmission of the genetic
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defect is by autosomal recessive inheritance.
Infantile, juvenile, and adult forms are recog-
nized. This section only discusses the late
infantile form.

Clinical Features. After a period of normal
development, gait disturbances develop, usu-
ally before 2 years of age, but sometimes not
until age 4. Initial features may be spasticity,
ataxia, or distal weakness of the feet with loss
of the ankle tendon reflex. Progressive weak-
ness of all limbs results in generalized hypoto-
nia and hyporeflexia. Weakness, dementia,
and optic atrophy are progressive. Death
occurs within several years of onset.

Diagnosis. At the time of initial leg weakness,
the protein content of the cerebrospinal fluid
is increased and motor nerve conduction
velocities are decreased. Magnetic resonance
imaging of the head shows subcortical demye-
lination with a posterior predominance of
white matter abnormalities. Metachromatic
leukodystrophy is suggested by arylsulfatase A
enzyme activity in leukocytes that is less than
10% of that of normal controls using the
Baum type assay. Molecular genetic testing
confirms the diagnosis.

Management. Bone marrow transplantation
early in the course of disease may slow its
progress.
OTHER LIPID DISORDERS

Peripheral neuropathy occurs in globoid cell
leukodystrophy (Krabbe disease), but is not
as prominent a feature as in metachromatic
leukodystrophy. The usual initial features are
psychomotor retardation and irritability rather
than flaccid weakness (see Chapter 5). Ten-
don reflexes may be absent or hyperactive,
and half of cases show slowing of motor nerve
conduction velocity. The cerebrospinal fluid
protein concentration is always increased.

Progeria, small stature, ataxia, retinitis pig-
mentosa, deafness, and mental retardation
are characteristic of Cockayne syndrome (see
Chapter 16). A primary segmental demyelinat-
ing neuropathy is present in 10% to 20% of
cases, but is not an initial symptom. The main
features are hyporeflexia and reduced motor
nerve conduction velocity. Other disorders of
lipid metabolism in which demyelinating neu-
ropathy is present, but not an important fea-
ture, include Niemann-Pick disease, Gaucher
disease, and Farber disease.
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Idiopathic Axonal Neuropathy

Clinical Features. Most axonal neuropathies
are either hereditary or toxic. Glue sniffing is
an example of a toxic cause. Some children
have a progressive axonal neuropathy for
which no cause can be determined. Progres-
sive weakness of the feet, with or without sen-
sory impairment, is often the initial feature.
Electrodiagnostic studies in parents and sib-
lings sometimes establish a hereditary basis.

Diagnosis. EMG shows fibrillations and fascicu-
lations, but motor nerve conduction velocity is
normal or only slightly delayed. The protein
content of the cerebrospinal fluid is normal.

Management. Children with idiopathic axonal
neuropathies usually have a slowly progressive
weakness unresponsive to corticosteroids. How-
ever, occasional patients do respond, and
patients with a subacute progression deserve
a 2-month trial of prednisone. These respon-
sive cases may be variants of chronic inflamma-
tory demyelinating neuropathy, in which both
axonal involvement and demyelination are
present.

Neuropathies with Systemic Disease

DRUG-INDUCED NEUROPATHY

Several pharmaceutical drugs can cause neu-
ropathy. Suchneuropathies are often subclinical
anddetectedonly by electrodiagnosis or because
of loss of the ankle tendon reflex. Isoniazid,
nitrofurantoin, vincristine, and zidovudine are
drugs that commonly produce clinical evidence
of motor and sensory neuropathy.
ISONIAZID

Clinical Features. The initial symptoms are
numbness and paresthesias of the fingers and
toes. If treatment is continued, superficial sen-
sation diminishes in a glove-and-stocking pat-
tern. Distal limb weakness follows and is
associated with tenderness of the muscles and
burning dysesthesias. Diminished or absent
ankle tendon reflexes are expected.

Diagnosis. Suspect isoniazid neuropathy when-
ever neuropathy develops in children taking
the drug.

Management. Isoniazid interferes with pyridox-
ine metabolism and produces neuropathy by
causing a pyridoxine deficiency state. The
administration of pyridoxine along with isoni-
azid prevents neuropathy without interfering
with antituberculous activity. The longer that
the symptoms progress, the longer the time
until recovery. Although pyridoxine can pre-
vent the development of neuropathy, it has lit-
tle effect on the speed of recovery once neu-
ropathy is established.
NITROFURANTOIN

Clinical Features. Nitrofurantoin neuropathy
most often occurs in patients with impaired
renal function. A high blood concentration of
nitrofurantoin causes an axonal neuropathy.
The initial features are usually paresthesias, fol-
lowed in a few days or weeks by glove-and-stock-
ing sensory loss and weakness of distal muscles.
Pure motor neuropathy is occasionally present.

Diagnosis. Suspect nitrofurantoin neuropathy
in any child with neuropathy taking the drug.
It may be difficult to distinguish from uremic
neuropathy.

Management. Complete recovery usually fol-
lows complete cessation of the drug. Occa-
sional patients have developed complete
paralysis and died despite discontinuation of
nitrofurantoin.
VINCRISTINE

Clinical Features. Neuropathy is an expected
complication of vincristine therapy. The ankle
tendon reflex is lost first; later, other tendon
reflexes become less reactive and may be lost.
The first symptoms are paresthesias, often
starting in the fingers rather than the feet
and progressing to mild loss of superficial sen-
sation but not position sense. Weakness fol-
lows sensory loss, as evidenced by clumsiness
in the hands and cramps in the feet. Distal
muscles are affected more than proximal mus-
cles and extensors more than flexors. Weak-
ness may progress rapidly, with the loss of
ambulation in a few weeks. The initial weak-
ness may be asymmetrical and suggests mono-
neuropathy multiplex.

Diagnosis. Electrodiagnostic features are con-
sistent with axonal neuropathy, fibrillations,
and fasciculations on needle EMG, but the
motor nerve conduction velocity is normal.

Management. The neuropathy is dose related,
and the patient usually recovers 1 to 3 months
after discontinuing the drug.
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TOXINS

Several heavy metals, inorganic chemicals, and
insecticides produce polyneuropathies in chil-
dren. In adults, industrial exposure, agricul-
tural exposure, and attempted homicide are
the usual causes of heavy metal poisoning.
Small children who have a single accidental
ingestion are more likely to have acute symp-
toms of systemic disease or central nervous sys-
tem dysfunction than a slowly progressive
neuropathy. Sometimes progressive distal
weakness is an early sign in older children
addicted to sniffing glue or gasoline. Even in
these cases, symptoms of central nervous sys-
tem dysfunction are usually present.

UREMIA

Some degree of neuropathy occurs at some
time in many children undergoing long-term
periodic hemodialysis. Uremic neuropathy is
more common in males than in females, but
the reason for the gender bias is unknown.

Clinical Features. The earliest symptoms may be
muscle cramps in the hands and feet, burning
feet or restless legs, and loss of the ankle tendon
reflex. After the initial sensory symptoms, the
disorder progresses to a severe distal, symmetri-
cal, mixed motor, and sensory polyneurop-
athy affecting the legs more than the arms.
The rate of progression is variable and may be
fulminating or may evolve over several months.

A pure motor neuropathy develops in some
children with uremia. Symptoms begin after
starting hemodialysis. The rapid progression
of distal weakness in all limbs does not
respond to dialysis but may reverse after renal
transplantation.

Diagnosis. Uremia causes an axonal neuropa-
thy, but chronic renal failure causes segmental
demyelination that is out of proportion to axo-
nal changes. Therefore, repeated measure-
ments of motor nerve conduction velocity are
a useful way to monitor neuropathy progres-
sion. Slow conduction velocities are present
even before clinical symptoms occur. Decreased
creatine clearance correlates with slowing of the
conduction velocity.

Management. Dialysis reverses early neuropa-
thy. Patients with severe neuropathy rarely
recover fully despite adequate treatment.

VASCULITIS AND VASCULOPATHY

Polyneuropathy and mononeuropathy multi-
plex are relatively common neurological
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complications of vasculitis in adults but not in
children. Children with lupus erythematosus
are generally sicker than adults, but peripheral
neuropathy is neither an initial nor a promi-
nent feature of their disease. Motor and sensory
neuropathies occur in children with chronic
juvenile rheumatoid arthritis.
Myopathies

Hereditary Distal Myopathies

The hereditary distal myopathies, as a group,
are uncommon except for myotonic dystrophy
(Saperstein et al, 2001). Not discussed here
are the forms that usually have an adult onset.

AUTOSOMAL DOMINANT CHILDHOOD-
ONSET DISTAL MYOPATHY

This clinical phenotype most resembles the
syndromes described by Gower and later by
Laing. The gene site is on chromosome
14q11 and encodes the heavy chain of myosin.

Clinical Features. Characteristics common to
reported families are onset in the second or
third year of life and selective wasting and
weakness of the anterior tibial and extensor
digitorum longus muscles (Hedera et al, 2003;
Mastaglia et al, 2002). The course is slowly pro-
gressive and involves the hand extensors, neck
flexors, and abdominal muscles at later stages.
Some patients develop tremor.

Age at onset is after the age of 4 years and
may delay to the third decade. The initial weak-
ness is in the toe and ankle extensors and the
neck flexors. Weakness of the finger extensors
develops years later, with relative sparing of
the finger flexors and intrinsic hand muscles.
Some proximal limb muscles become weak late
in life without impairing walking.

Diagnosis. EMG findings are consistent with a
myopathic process. Muscle biopsy specimens
show variation in fiber size, nuclear clumps,
type I fibers that look moth eaten, and small-
angulated type II fibers. The serum CK con-
centration is one to three times the upper
limit of normal.

Management. Treatment is symptomatic.

AUTOSOMAL RECESSIVE DISTAL
(DYSFERLIN) MYOPATHY

Two main phenotypes characterize the dysfer-
linopathies: one with limb-girdle weakness
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and the other with distal weakness (Aoki, 2006).
Miyoshi myopathy is the distal weakness pheno-
type, and LGMD type 2B is the proximal weak-
ness phenotype. The two disorders are allelic,
and both phenotypes occur in members of
the same family.

Clinical Features. Age at onset of Miyoshi
myopathy is in adolescence. The initial weak-
ness is in the distal parts of the legs, especially
the gastrocnemius and soleus muscles. Over a
period of years, the weakness and atrophy
spread to the thighs and gluteal muscles. The
forearms may become mildly atrophic with
decreased grip strength, but the small muscles
of the hands are spared. Ambulation is usually
preserved.

Diagnosis. The peculiar pattern of calf atrophy
is almost diagnostic. The serum CK concentra-
tion is at least five times the upper limit of nor-
mal; this distinguishes Miyoshi myopathy from
the other distal myopathies. Molecular genetic
testing is available.

Management. Most patients are not greatly
impaired and do not require assistive devices.

INCLUSION BODY MYOPATHY 2

The presence of vacuolar degeneration of
muscle fibers, accompanied by intrafiber clus-
ters of paired helical filaments (inclusion bodies),
defines inclusion body myopathies. When
inflammation is an associated feature, the term
inclusion body myositis is used. In general, inclu-
sion body myositis is a sporadic disorder with
onset after age 30 years, whereas inclusion body
myopathy is hereditary, transmitted by autoso-
mal recessive inheritance, with the onset during
adolescence. Nonaka myopathy is the term
applied in hereditary inclusion body myopathy
in Japan.

Clinical Features. The onset of weakness is in
the second or third decade. The initial symp-
tom is difficulty with gait due to footdrop.
The weakness progresses to involve the thigh
and hand muscles within several years. Neck
flexor and shoulder girdle weakness, with rela-
tive sparing of the triceps, is a late feature.
Quadriceps sparing, even at advanced stages,
is common but not constant.

Diagnosis. The serum CK concentration is nor-
mal or only slightly increased. Light micros-
copy characteristically shows muscle fibers
with single or multiple vacuoles rimmed with
basophilic material. Electron microscopy indi-
cates the filamentous inclusions, usually adja-
cent to vacuoles. Molecular genetic testing is
available.
Management. The weakness does not respond
to corticosteroid or immunosuppressive ther-
apy. Symptoms are treated.
MYOTONIC DYSTROPHY

Myotonic dystrophy 1 is a multisystem disorder
transmitted by autosomal dominant inheri-
tance with variable penetrance. An unstable
DNA regionon chromosome 19 that can amplify
50 to several thousand times causes the disease
(Bird, 2007). Amplification increases in succes-
sive generations and correlates withmore severe
disease. A neonatal form occurs in children
born to mothers with myotonic dystrophy (see
Chapter 6).

A proximal form, myotonic dystrophy 2, is a
distinct genetic disorder. It is discussed in the
section on distal weakness.

Clinical Features. The onset of symptoms is
usually during adolescence or later. The
major features are myotonia (a disturbance
in muscle relaxation after contraction), weak-
ness in the face and distal portion of the
limbs, cataracts, frontal baldness, and multiple
endocrinopathies. The pattern of muscle atro-
phy in the face is so stereotypical that all
patients with the disease have a similar facies.
The face is long and thin because of wasting
of the temporal and masseter muscles, and
the neck is thin because of atrophy of the ster-
nocleidomastoid muscles. The eyelids and cor-
ners of the mouth droop, and the lower part
of the face sags, producing the appearance
of sadness.

Although seeking medical treatment is rare
before adolescence, myotonia is usually pres-
ent in childhood and is detectable by EMG,
if not by clinical examination. Percussion of
muscle demonstrates myotonia. When per-
cussed, the thenar eminence dimples and
remains dimpled at the site of percussion. In
addition, the thumb abducts and remains in
that position for several seconds. The physi-
cian can also detect myotonia by shaking
hands with the patient, who has difficulty let-
ting go and releases the grip in part by flexing
the wrist to force the finger flexors to open.

Some patients have little or no evidence of
muscle weakness, only cataracts, frontal bald-
ness, or endocrine disturbances. However,
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the presence of muscle weakness before age
20 is likely to be relentlessly progressive, caus-
ing severe distal weakness in the hands and
feet by adult life. Smooth and cardiac muscle
involvement may be present. Disturbed gastro-
intestinal motility is characteristic. Endocrine
disturbances include testicular atrophy, infer-
tility in women, hyperinsulinism, adrenal atro-
phy, and disturbances in growth hormone
secretion.

Diagnosis. The basis for the diagnosis of myo-
tonic dystrophy is usually the clinical features,
the family history, and molecular genetics
studies. EMG and muscle biopsy are unneces-
sary. Studies to show the presence and num-
ber of trinucleotide repeats are commercially
available and are the best method to detect
asymptomatic individuals and for prenatal
diagnosis.

Management. Myotonia frequently responds to
drugs that stabilize membranes: mexiletine is
probably the most effective; procainamide,
phenytoin, and carbamazepine are also use-
ful. However, weakness, and not myotonia,
disables the patient. Braces for footdrop are
usually required as the disease progresses.

Scapulohumeral Peroneal Syndromes

Progressive weakness and atrophy affecting
the proximal muscles of the arms and the dis-
tal muscles of the legs may result from neuro-
nopathy or myopathy. Some patients with
dominantly inherited scapulohumeral pero-
neal syndromes are a variant phenotype of
FSH syndrome, whereas others do not show
linkage to the FSH locus on chromosome
4q35.

EMERY-DREIFUSS MUSCULAR DYSTROPHY
TYPE 1

Genetic transmission of Emery-Dreifuss mus-
cular dystrophy type 1 is by X-linked recessive
inheritance. The abnormal gene product is
emerin (Bonne et al, 2007).

Clinical Features. The onset of symptoms is
between 5 and 15 years of age. The earliest
feature of the disease is the development of
contractures in the flexors of the elbows, ankle
tendon, and extensors of the hand. This is
followed by muscle weakness and wasting in
the biceps and triceps muscles and then in
the deltoid and other shoulder muscles. The
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peroneal muscles are severely affected. Calf
hypertrophy does not occur. The progression
of symptoms is slow, and the condition usually
stabilizes by 20 years of age. In some patients,
however, weakness progresses into adulthood,
and ambulation is eventually lost.

All patients develop a cardiomyopathy that
leads to permanent atrial paralysis. Bradycar-
dia and syncope may precede muscle weakness
or be delayed until the third decade. The ear-
liest symptom is pathological fatigue on minor
activity. A permanent pacemaker is required at
the first sign of cardiac involvement. Sudden
death is common. Femaleheterozygotes develop
a cardiomyopathy late in life and require a pace-
maker. They do not develop skeletal muscle
weakness.

Diagnosis. Neither EMG nor muscle biopsy is
diagnostic. Molecular genetic testing is used
to establish the diagnosis.

Management. The skeletalmuscleweakness symp-
toms are treated. Early implantation of a perma-
nent pacemaker is lifesaving.

EMERY-DREIFUSS MUSCULAR DYSTROPHY
TYPES 2 AND 3

Transmission of Emery-Dreifuss muscular dys-
trophy type 2 is by autosomal dominant inher-
itance and transmission of Emery-Dreifuss
muscular dystrophy type 3 is by autosomal
recessive inheritance. The responsible gene
encodes lamins A and C (Bonne et al, 2007).
The phenotype is the same as for Emery-
Dreifuss muscular dystrophy type 1.
ACUTEGENERALIZEDWEAKNESS

The sudden onset or rapid evolution of
generalized flaccid weakness, in the absence
of symptoms of encephalopathy, is always due
to disorders of the motor unit. Among these
disorders, AIDP (GBS) is by far the most com-
mon (Table 7-9).

The combination of acute weakness and
rhabdomyolysis, as evidenced by myoglobi-
nuria, indicates that muscle is degenerating
rapidly. This may occur in some disorders of
carbohydrate and fatty acid metabolism (see
Chapter 8), after intense and unusual exer-
cise, in some cases of infectious and idio-
pathic polymyositis, and in intoxication with
alcohol and cocaine. Death from renal fail-
ure is a possible outcome in patients with
rhabdomyolysis.



Table 7-9 Acute Generalized Weakness

Infectious Disorders

Acute axonal neuropathies
Acute infectious myositis
Acute inflammatory polyradiculoneuropathy

(Guillain-Barré syndrome)
Chronic inflammatory polyradiculoneuropathy
Enterovirus infections

Metabolic Disorders

Acute intermittent porphyria (see Chapter 9)
Hereditary tyrosinemia (see Chapter 9)

Neuromuscular Blockade

Botulism
Corticosteroid-induced quadriplegia
Intensive care unit weakness
Tick paralysis

Periodic Paralysis

Andersen-Tawil syndrome
Familial hyperkalemic (FPPII)
Familial hypokalemic (FPPI)
Familial normokalemic (FPPIII)
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Infectious Disease

Acute Infectious Myositis

Acute myositis in children most often follows
influenza or other respiratory infections
(Mackay et al, 1999). Boys are more often
affected than are girls.

Clinical Features. Ordinarily, prodromal respi-
ratory symptoms persist for 3 to 8 days before
the onset of severe symmetrical muscle pain
and weakness, which may cause severe dis-
ability within 24 hours. Pain and tenderness
are most severe in the calf muscles. Tendon
reflexes are present.

Diagnosis. The serum CK concentration is
increased—usually more than 10 times the
upper limit of normal.

Management. Spontaneous resolution of the
myositis occurs almost immediately. Bed rest
is required for 2 to 7 days until pain subsides,
after which the patient recovers completely.

Acute Inflammatory Demyelinating
Polyradiculoneuropathy

Acute inflammatory demyelinating polyradicu-
loneuropathy (AIDP), more commonly called
GBS, is an acute monophasic demyelinating
neuropathy. Peripheral nerves are the target
of an abnormal immune response. More than
half of patients describe an antecedent viral
infection. Respiratory tract infections are
more common than gastrointestinal infections
(Paradiso et al, 1999). Enteritis caused by spe-
cific strains of Campylobacter jejuni is more
often the inciting disease in the acute axonal
form of GBS than in the demyelinating form.

Clinical Features. The natural history of AIDP
in children is substantially the same as in
adults. The clinical features are sufficiently ste-
reotypical that establishing the diagnosis usu-
ally does not require laboratory confirmation.
This is especially important because the char-
acteristic laboratory features may not be pres-
ent at the onset of clinical symptoms. The
two essential features are progressive motor
weakness involving more than one limb and
areflexia. Frequently, insidious sensory symp-
toms, usually ignored, precede the onset of
weakness. These consist of fleeting dysesthe-
sias and muscle tenderness in limbs that
are soon to become paralytic. Weakness pro-
gresses rapidly, and approximately 50% of
patients will reach a nadir by 2 weeks, 80% by
3 weeks, and the rest by 4 weeks. The weakness
may be ascending or descending, but is rela-
tively symmetrical qualitatively, if not quantita-
tively. Tendon reflexes are absent in all weak
muscles and are absent even before the mus-
cle is weak. Bilateral facial weakness occurs in
as many as half of cases. Autonomic dysfunc-
tion (arrhythmia, labile blood pressure, and
gastrointestinal dysfunction) is commonly
associated, and a syndrome of acute auto-
nomic dysfunction without paralysis may be a
variant.

Recovery of function usually begins 2 to
4 weeks after progression stops. In children,
recovery is usually complete. The prognosis
is best when recovery begins early. Respiratory
paralysis is unusual, but by supporting
respiratory function during the critical time
of profound paralysis, complete recovery is
expected.

Diagnosis. Examination of the cerebrospinal
fluid was once critical in distinguishing GBS
from acute poliomyelitis. In the absence of
poliomyelitis, this examination is less impor-
tant. A physician first sees most children dur-
ing the second week of symptoms. At that
time, the concentration of protein may be nor-
mal or increased and the number of mononu-
clear leukocytes per cubic millimeter may be
10 or fewer.
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Electrophysiological studies are more impor-
tant than cerebrospinal fluid analysis for diag-
nosis, especially to distinguish AIDP from
acute axonal neuropathy. AIDP has a better
prognosis than acute axonal neuropathy.

Management. Careful monitoring of respiratory
function is critical. Intubation is essential if vital
capacity decreases rapidly to less than 50% of
normal. Adequate control of respiration pre-
vents death from the disorder. Corticosteroids
are not helpful because, although they may
produce some initial improvement, they tend
to prolong the course. Plasma exchange or
the use of intravenous immunoglobulin has-
tens recovery from GBS (Hughes et al, 2003).

Acute Motor Axonal Neuropathy

The axonal form of GBS occurs more often in
rural and economically deprived populations
than does AIDP and often follows enteritis
(Paradiso et al, 1999).

Clinical Features. The clinical features are
indistinguishable from those of AIDP except
that sensation is not usually affected. Maximal
weakness, symmetrical quadriparesis, and respi-
ratory failure usually occur in 1 week. Tendon
reflexes are absent early in the course. Distal
atrophy occurs. Recovery is slow, and the mean
time to ambulation is 5 months.

Diagnosis. The cerebrospinal fluid cell count is
normal, but the protein concentration increases
after 1 or 2 weeks. Electrophysiological study
results are consistent with an axonopathy rather
than a demyelinating neuropathy, and sensory
nerve action potentials are normal.

Management. Respiratory support is often nec-
essary. Specific treatment is not available, but
most children recover spontaneously.

Chronic Inflammatory Demyelinating
Polyradiculoneuropathy

Acquired demyelinating neuropathies occur
in both acute and chronic forms. The acute
form is GBS, described earlier. The chronic
form is chronic inflammatory demyelinating polyra-
diculoneuropathy. The acute and chronic forms
may be difficult to distinguish from each other
at the onset of symptoms, but their distin-
guishing feature is the subsequent course
(Ryan et al, 2000).

Chronic inflammatory demyelinating poly-
radiculoneuropathy, like GBS, is immune
198
mediated. The preceding infection is more
often a respiratory illness than a gastrointesti-
nal illness. However, both are so common in
all school-age children that the cause-and-
effect relationship is difficult to establish.

Clinical Features. Chronic inflammatory demy-
elinating polyradiculoneuropathy is more com-
mon in adults than in children. The usual initial
features are weakness and paresthesias in the
distal portions of the limbs, causing a gait dis-
turbance. Cranial neuropathies are unusual.
Mandatory criteria for diagnosis are (1) pro-
gressive or relapsing motor and sensory dys-
function of more than one limb, of a
peripheral nerve nature, developing over at
least 2 months and (2) areflexia or hypore-
flexia, usually affecting all four limbs. The
course is monophasic in one fourth of children
and has a relapsing course in the remainder;
three fourths have residual weakness.

Diagnosis. Exclusionary criteria in establishing
the diagnosis of chronic inflammatory demye-
linating polyradiculoneuropathy are a family
history of a similar disorder, a pure sensory neu-
ropathy, other organ involvement, and abnor-
mal storage of material in nerves. The protein
content of the cerebrospinal fluid is always
greater than 0.45 g/L, and a small number of
mononuclear cells may be present. Motor nerve
conduction velocity is less than 70% of the
lower limit of normal in at least two nerves.
Sural nerve biopsy is not mandatory, but shows
features of demyelination, cellular infiltration
of the nerve, and no evidence of vasculitis.

Electrodiagnosis differentiates acquired de-
myelinating neuropathies from familial demye-
linating neuropathies. Acquired neuropathies
show a multifocal disturbance of conduction
velocity, whereas slowing of conduction velocity
is uniform throughout the length of the nerve
in hereditary disorders.

Management. An ideal treatment protocol is
not established (Ropper, 2003). Immediate
and long-term use of prednisone and intrave-
nous immunoglobulin or plasma exchange is
effective in most children. As a rule, long-term
therapy is essential, and relapse may follow dis-
continuation of therapy. The outcome is more
favorable in children than in adults.

Viral Infections

ENTEROVIRUS INFECTIONS

Poliovirus, coxsackievirus, and the echovirus
group are RNA viruses that inhabit the intestinal



Chapter 7 Flaccid Limb Weakness in Childhood
tract of humans. They are neurotropic and pro-
duce paralytic disease by destroying the motor
neurons of the brainstem and spinal cord. Of
this group, poliovirus causes the most severe
and devastating disease. Coxsackievirus and
echoviruses aremore likely to cause asepticmen-
ingitis, although they can cause an acute para-
lytic syndrome similar to that of poliomyelitis.

Clinical Features. Enterovirus infections occur
in epidemics during the spring and summer.
The most common syndrome associated with
poliovirus infection is a brief illness character-
ized by fever, malaise, and gastrointestinal
symptoms. Aseptic meningitis occurs in more
severe cases. The extreme situation is paralytic
poliomyelitis. Initial symptoms are fever, sore
throat, and malaise lasting for 1 to 2 days.
After a brief period of apparent well-being,
fever recurs in association with headache,
vomiting, and signs of meningeal irritation.
Pain in the limbs or over the spine is an ante-
cedent symptom of limb paralysis. Flaccid
muscle weakness develops rapidly thereafter.
The pattern of muscle weakness varies, but is
generally asymmetrical. One arm or leg is
often weaker than the other.

Bulbar polio occurs with or without spinal
cord disease. It is often life threatening.
Affected children have prolonged episodes of
apnea and require respiratory assistance. Sev-
eral motor cranial nerves may be involved as
well, but the extraocular muscle is spared.

The introduction of inactivated poliomyeli-
tis vaccine in 1954, followed by the use of
live-attenuated vaccine in 1960, has abolished
the disease in the Western Hemisphere and
Europe. Vaccine-associated poliomyelitis is
rare since inactivated polio vaccine replaced
the live-attenuated vaccine.

Diagnosis. Suspect the diagnosis from the clini-
cal findings. Isolation and viral typing from
stool and nasopharyngeal specimens provide
confirmation. The cerebrospinal fluid initially
shows a polymorphonuclear reaction, with the
cell count ranging from 50/mm3 to 200/mm3.
After 1 week, lymphocytes predominate; after
2 to 3 weeks, the total cell count decreases.
The protein content is increased early and
remains increased for several months.

Management. Treatment is supportive.

West Nile Virus

West Nile virus has spread across the United
States since arriving in New York in 1999
(Li et al, 2003). It is now the most important
cause of arboviral meningitis, encephalitis,
and acute flaccid paralysis in the continental
United States (Davis et al, 2006). Almost all
transmission occurs from the bite of an infected
mosquito. Rare person-to-person transmission
occurs through organ transplantation, blood
and blood product transfusion, and intrauterine
spread.

Clinical Features. Within 3 to 14 days of a mos-
quito bite, a flulike illness occurs. An acute,
severe, asymmetrical paralysis follows. It may
affect only one limb and may involve the face.
Sensory features are minimal, and encepha-
lopathy does not occur. Neurological disease
is rare in infants and children. Clinical fea-
tures may include movement disorders and
severe weakness of a lower motor neuron type.

Diagnosis. The EMG indicates severe denerva-
tion in affected muscles. Both EMG and MRI
studies localize the abnormality to the motor
neuron or ventral horn.

Management. Treatment is supportive.
Neuromuscular Blockade

Children treated for prolonged periods with
neuromuscular blocking agents for assisted
ventilation may remain in a flaccid state for
days or weeks after discontinuing the drug.
This is especially true in newborns receiving
several drugs that block the neuromuscular
junction.

BOTULISM

Clostridium botulinum produces a toxin that
interferes with the release of acetylcholine
at the neuromuscular junction. Chapter 6
describes the infantile form, but most cases
occur after infancy in people who eat food,
usually preserved at home, contaminated with
the organism.

Clinical Features. The first symptoms are
blurred vision, diplopia, dizziness, dysar-
thria, and dysphagia, which have their onset
12 to 36 hours after the ingestion of toxin.
Some patients have only bulbar signs; in
others, flaccid paralysis develops in all limbs.
Patients with generalized weakness always
have ophthalmoplegia with sparing of the
pupillary response. Tendon reflexes may be
present or absent.
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Diagnosis. Repetitive supermaximal nerve stim-
ulation at a rate of 20 to 50 stimuli per second
produces an incremental response characteris-
tic of a presynaptic defect. The electrical abnor-
mality evolves with time and may not be
demonstrable in all limbs on any given day.

Management. Botulism can be fatal because of
respiratory depression. Treatment relies pri-
marily on supportive care, which is similar to
the management of GBS. Antitoxin does not
influence the course of the disease.

CORTICOSTEROID-INDUCEDQUADRIPLEGIA

The administration of high-dose intravenous
corticosteroids, especially in combination with
a neuromuscular blocking agent, may cause
acute generalized weakness.

Clinical Features. Most patients with this syn-
drome take corticosteroids to treat asthma.
The onset of weakness is 4 to 14 days after
starting treatment. The weakness is usually dif-
fuse at onset, but may be limited to proximal
or distal muscles. Tendon reflexes are usually
preserved. Complete recovery is the rule.

Diagnosis. The serum CK concentration may
be normal or increased. EMG shows brief,
small-amplitude polyphasic potentials, and
the muscle is electrically inexcitable to direct
stimulation.

Management. Respiratory assistance may be nec-
essary. Cessation of the offending drugs usually
ends the disorder and allows the patient to
recover spontaneously.

TICK PARALYSIS

In North America, the female tick of the spe-
cies Dermacentor andersoni and Dermacentor var-
iabiis elaborates a salivary gland toxin that
induces paralysis. The mechanism of paralysis
is unknown (Vednarayanan et al, 2002).

Clinical Features. Affected children are usually
younger than 5 years of age. The clinical syn-
drome is similar to GBS, except that ocular
motor palsies and pupillary abnormalities are
more common. A severe generalized flaccid
weakness, usually first affecting the legs, devel-
ops rapidly and is sometimes associated with
bifacial palsy. Respiratory paralysis requiring
assisted ventilation is common. Tendon re-
flexes are usually absent or greatly depressed.
Dysesthesias may be present at the onset of
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weakness, but examination fails to show loss of
sensation.

Diagnosis. The cerebrospinal fluid protein con-
centration is normal. Nerve conduction studies
may be normal or may show mild slowing of
motor nerve conduction velocities. Decreased
amplitude of the compound muscle action
potentials is common. High rates of repetitive
stimulation may show a normal result or an
abnormal incremental response.

Management. In North American cases, strength
returns quickly after removing the causative tick.
However, the tick may be hard to find because it
hides in body hair. In contrast, paralysis is more
severe in Australian cases and may worsen over 1
to 2 days after removal before improvement
begins.

INTENSIVE CARE UNIT WEAKNESS

Almost 2% of children admitted to critical
care units develop muscle weakness (Banwell
et al, 2003). Most were organ transplant recipi-
ents treated with neuromuscular blocking
agents, corticosteroids, and aminoglycoside
antibiotics. The usual clinical feature is failure
to wean from a respirator. Some exemplify
corticosteroid-induced quadriplegia described
previously. Corticosteroid myopathy accounts
for some. These show increased blood concen-
trations of CK and histological evidence of
myofiber necrosis. A third possible cause is
the depletion of myosin from muscle. Muscle
biopsy distinguishes the several types of pro-
longed weakness that may occur in people
with severe illness requiring intensive care.
PERIODIC PARALYSES

The usual classification of periodic paralyses is
in relation to serum potassium: hyperkalemic,
hypokalemic, or normokalemic. In addition,
periodic paralysis may be primary (genetic)
or secondary. The cause of secondary hypoka-
lemic periodic paralysis is by urinary or gastro-
intestinal loss of potassium. Urinary loss
accompanies primary hyperaldosteronism, lic-
orice intoxication, amphotericin B therapy,
and several renal tubular defects. Gastrointes-
tinal loss most often occurs with severe
chronic diarrhea, prolonged gastrointestinal
intubation and vomiting, and a draining gas-
trointestinal fistula. Either urinary or gastroin-
testinal loss, or both, may occur in children
with anorexia nervosa who overuse diuretics
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or induce vomiting. Thyrotoxicosis is an impor-
tant cause of hypokalemic periodic paralysis,
especially in Asians. Secondary hyperkalemic
periodic paralysis is associated with renal or
adrenal insufficiency.
Familial Hypokalemic Periodic
Paralysis

Genetic transmission of familial hypokalemic
periodic paralysis is by autosomal dominant
inheritance with decreased penetrance in
women. In as many as 70% of cases, the
responsible mutation links to a gene encoding
a dihydropyridine receptor on chromosome
1q (Venance et al, 2006). This channel func-
tions as the voltage sensor of the ryanodine
receptor and plays an important role in excita-
tion-contraction coupling in skeletal muscle.

Clinical Features. The onset of symptoms
occurs before 16 years of age in 60% of cases
and by 20 years of age in the remainder.
Attacks of paralysis are at first infrequent but
then may occur several times a week. Factors
that trigger an attack include rest after exer-
cise (therefore many attacks occur early in
the morning), a large meal with high carbohy-
drate content (pizza is the trigger of choice in
adolescents), emotional or physical stress, alco-
hol ingestion, and exposure to cold. Before and
during the attack, the patient may have exces-
sive thirst and oliguria. The weakness begins
with a sensation of aching in the proximal mus-
cles. Sometimes only the proximal muscles are
affected; at other times, there is complete paral-
ysis so that the patient cannot even raise his or
her head. Facial muscles are rarely affected,
and extraocular motility is always normal.
Respiratory distress does not occur. When the
weakness becomes extreme, the muscles feel
swollen and the tendon reflexes are absent.
Most attacks last for 6 to 12 hours and some
for the whole day. Strength recovers rapidly,
but after several attacks, residual weakness may
be present.

Diagnosis. Molecular genetic testing is avail-
able, but the clinical features usually establish
the diagnosis. During the attack, the serum
concentration of potassium ranges from 0.9
to 3 mL (normal range, 3.5–5 mL) and elec-
trocardiographic changes occur, including
bradycardia, flattening of T waves, and prolon-
gation of the PR and QT intervals. The muscle
is electrically silent and not excitable. The oral
administration of glucose, 2 g/kg, with 10 to
20 U of crystalline insulin administered subcu-
taneously provokes attacks. The serum potas-
sium concentration decreases, and paralysis
follows within 2 to 3 hours.

Management. Treatment of attacks in patients
with good renal function is with repeated oral
doses of potassium. Intravenous infusions
cannot increase the serum potassium concen-
tration. In adolescents, 5 to 10 g is used. Con-
sider smaller amounts for younger children.
Daily use of a carbonic anhydrase inhibitor
(dichlorphenamide 100 mg/day) is beneficial
in many families to prevent attacks (Tawil et al,
2000).
Familial Hyperkalemic Periodic
Paralysis Type 1

Genetic transmission of familial hyperkalemic
periodic paralysis type I is by autosomal domi-
nant inheritance. The frequency is the same in
both genders. The cause is a defect in the gene
encoding the sodium channel (Jurkat-Rott and
Lehmann-Horn, 2003).

Clinical Features. The onset of weakness is in
early childhood and sometimes in infancy. As
in hypokalemic periodic paralysis, resting after
exercise may provoke attacks. However, only
moderate exercise is required. Weakness
begins with a sensation of heaviness in the
back and leg muscles. Sometimes the patient
can delay the paralysis by walking or moving
about. In infants and small children, charac-
teristic attacks are episodes of floppiness in
which they lie around and cannot move. In
older children and adults, both mild and
severe attacks may occur. Factors causing
attacks are potassium-rich foods, rest after
exercise, a cold environment, emotional stress,
glucocorticoids, and pregnancy. Mild attacks
last for less than an hour and do not produce
complete paralysis. More than one mild attack
may occur in a day. Severe attacks are similar
to the complete flaccid paralysis seen in hypo-
kalemic periodic paralysis and may last for sev-
eral hours. Residual weakness may persist after
several severe attacks. Mild myotonia of the
eyelids, face, and hands may be present
between attacks. Older patients may develop
a progressive myopathy.

Diagnosis. Molecular genetic testing is com-
mercially available for several of the mutations
that cause disease. Between attacks, the serum
concentration of potassium is normal, but
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increases at least 1.5 mmol/L during attacks.
When the potassium concentration is high,
electrocardiographic changes are consistent
with hyperkalemia. The oral administration
of potassium chloride just after exercise in
the fasting state provokes an attack. During
the attack, the muscles are electrically silent.
Myotonia in patients with hyperkalemic peri-
odic paralysis is mild and may occur only on
exposure to cold.

Management. Acute attacks seldom require
treatment because they are brief. Prophylactic
measures include avoidance of meals rich in
potassium (grapefruit juice) and cold expo-
sure. Daily low doses (25–50 mg) of hydrochlo-
rothiazide may prevent attacks by decreasing
serum potassium concentrations.
Familial Normokalemic Periodic
Paralysis

Several families have experienced an autoso-
mal dominant inherited periodic paralysis in
which no alteration in the serum concentra-
tion of potassium could be detected. These
cases may represent a variant of hyperkalemic
periodic paralysis due to a mutation in the
muscle-specific sodium gene (Chinnery et al,
2002).
Andersen-Tawil Syndrome

Andersen-Tawil syndrome is a distinct channe-
lopathy affecting both skeletal and cardiac
muscles (Tawil and Venance, 2007). The
genetic defect involves a subunit of the skele-
tal muscle’s sodium channel and the cardiac
muscle potassium channel responsible for
most long QT intervals.

Clinical Features. The main features are short
stature, dysmorphic features, periodic paraly-
sis, and a prolonged QT interval. The dysmor-
phic features include a broad nose, low-set
ears, a small mandible, and syndactyly. The
periodic paralysis may be associated with hyper-
kalemia, hypokalemia, or normokalemia. The
prolonged QT interval may be the only feature
in some individuals. The initial feature may be
an arrhythmia, especially ventricular tachycar-
dia, or attacks of paralysis.

Diagnosis. Suspect the diagnosis in any dys-
morphic child with a prolonged QT interval
or a periodic paralysis.
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Management. The arrhythmias associated with
prolonged QT interval are life threatening and
must be treated. Affected members with peri-
odic paralysis are responsive to oral potassium.
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Cramps, Muscle Stiffness,
and Exercise Intolerance
Table 8-1 Diseases with Abnormal Muscle
Activity

Continuous Motor Unit Activity

Neuromyotonia
Paroxysmal ataxia and myokymia (see Chapter 10)
Schwartz-Jampel syndrome
Stiff man syndrome
Thyrotoxicosis

Cramps-Fasciculation Syndrome

Myotonia

Myotonia congenita
Myotonia fluctuans

Systemic Disorders

Hypoadrenalism
Hypocalcemia (tetany)
Hypothyroidism
Strychnine poisoning
Uremia
A cramp is an involuntary painful contrac-
tion of a muscle or part of a muscle. Cramps
can occur in normal children during and
after vigorous exercise and after excessive loss
of fluid or electrolytes. The characteristic
electromyographic finding for such cramps
is the repetitive firing of normal motor unit
potentials. Stretching the muscle relieves the
cramp. Partially denervated muscle is particu-
larly susceptible to cramping not only during
exercise but also during sleep. Night cramps
may awaken patients with neuronopathies,
neuropathies, or root compression. Cramps
during exercise occur also in patients with
several different disorders of muscle energy
metabolism. The electromyogram (EMG) char-
acteristic of these cramps shows electrical
silence.

Muscle stiffness and spasms are not
cramps, but are actually prolonged contrac-
tions of several muscles that are able to
impose postures. Such contractions may or
may not be painful. When painful, they lack
the explosive character of cramps. Pro-
longed contractions occur when muscles fail
to relax (myotonia) or when motor unit
activity is continuous (Table 8-1). Pro-
longed, painless muscle contractions occur
also in dystonia and in other movement dis-
orders (see Chapter 14).

Many normal children, especially preado-
lescent boys, complain of pain in their legs at
night and sometimes during the day, espe-
cially after a period of increased activity. These
pains are not true cramps. The muscle is not
in spasm, the pain is diffuse and aching in
quality, and the discomfort lasts for an hour
or longer. Stretching the muscle does not
relieve the pain. They are not a symptom of
neuromuscular disease and are called growing
pains, for want of better understanding. Mild
analgesics or heat relieves the symptoms.
Exercise intolerance is a relative term for
an inability to maintain exercise at an
expected level. The causes of exercise intoler-
ance considered in this chapter are fatigue
and muscle pain. Fatigue is a normal con-
sequence of exercise and occurs in everyone
at some level of activity. In general, weak chil-
dren become fatigued more quickly than
children who have normal strength. Many chil-
dren with exercise intolerance and cramps,
but no permanent weakness, have a defect in
an enzyme needed to produce energy for mus-
cular contraction (Table 8-2). A knownmecha-
nism underlies several such inborn errors of
metabolism. However, even when the full
spectrum of biochemical tests is available,
identification of a metabolic defect is not pos-
sible in some children with cramps during
exercise.

Myasthenia gravis is a disorder character-
ized by exercise intolerance, but not covered
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Table 8-2 Diseases with Decreased Muscle
Energy

Defects of Carbohydrate Utilization

Lactate dehydrogenase deficiency
Myophosphorylase deficiency
Phosphofructokinase deficiency
Phosphoglycerate kinase deficiency
Phosphoglycerate mutase deficiency

Defects of Fatty Acid Oxidation

Carnitine palmitoyl transferase 2 deficiency
Very-long-chain acyl coenzyme A dehydrogenase

deficiency

Mitochondrial (Respiratory Chain) Myopathies

Myoadenylate Deaminase Deficiency

Chapter 8 Cramps, Muscle Stiffness, and Exercise Intolerance
in this chapter because the usual initial symp-
toms are either isolated cranial nerve distur-
bances (see Chapter 15) or limb weakness
(see Chapters 6 and 7).

Conditions that produce some combination
of cramps and exercise intolerance can be
divided into three groups: diseases with abnor-
mal muscle activity, diseases with decreased
energy for muscle contraction, and myopa-
thies. As a rule, the first and third groups are
Table 8-3 Electromyography in Muscle
Stiffness

Normal between Cramps*

Brody myopathy
Defects of carbohydrate metabolism
Defects of lipid metabolism
Mitochondrial myopathies
Myoadenylate deaminase deficiency
Rippling muscle disease
Tubular aggregates

Silent Cramps

Brody disease
Defects of carbohydrate metabolism
Rippling muscle disease
Tubular aggregates

Continuous Motor Activity

Neuromyotonia
Myotonia
Myotonia congenita
Myotonic dystrophy
Schwartz-Jampel syndrome
Stiff man syndrome

Myopathy

Emery-Dreifuss muscular dystrophy
Rigid spine syndrome
X-linked myalgia

*Or may be myopathic.
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symptomatic at all times, whereas the second
group is symptomatic only with exercise. The
first group usually requires EMG for diagnosis.
EMG is the initial diagnostic study in children
with muscle stiffness that is not due to spastic-
ity or rigidity. It usually leads to the correct
diagnosis (Table 8-3).
ABNORMAL MUSCLE ACTIVITY

Continuous Motor Unit Activity

The cause of continuous motor unit activity
(CMUA) is the uncontrolled release of acetyl-
choline packets at the neuromuscular junction.
The EMG features of CMUA are repetitive mus-
cle action potentials in response to a single
nerve stimulus; high-frequency bursts of motor
unit potentials of normal morphology abruptly
start and stop. Rhythmic firing of doublets,
triplets, and multiplets occurs. During long
bursts, the potentials decrease in amplitude.
This activity is difficult to distinguish from nor-
mal voluntary activity. CMUA occurs in a het-
erogeneous group of disorders characterized
clinically by some combination of muscle pain,
fasciculations, myokymia, contractures, and
cramps (Table 8-4).

The primary defect in CMUA disorder may
reside in the spinal cord (stiff person syn-
drome) or the peripheral nerve (neuromyoto-
nia). The original name for neuromyotonia is
Isaac syndrome. These disorders may be spo-
radic or familial in occurrence. When familial,
the usual mode of transmission is autosomal
dominant inheritance.
Neuromyotonia

The primary abnormality in neuromyotonia
is decreased outward potassium current of
Table 8-4 Abnormal Muscle Activity

Fasciculations: Spontaneous, random twitching of a
group of muscle fibers

Fibrillation: Spontaneous contraction of a single
muscle fiber, not visible through the skin

Myokymia: Repetitive fasciculations causing a
quivering or undulating twitch

Myotonia: Disturbance in muscle relaxation after
voluntary contraction or percussion

Neuromyotonia: Continuous muscle activity
characterized by muscle rippling, muscle stiffness,
and myotonia
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voltage-gated potassium channel function.
Most childhood cases are sporadic, but some
show a pattern of autosomal dominant inheri-
tance. An autoimmune process directed against
the potassium channel may account for some
sporadic cases.

Clinical Features. The clinical triad includes
involuntary muscle twitching (fasciculations
or myokymia), muscle cramps or stiffness,
and myotonia. Excessive sweating is frequently
associated with the muscle stiffness. The age at
onset is anytime from birth to adult life.

The initial features are muscle twitching
and cramps brought on by exercise. Later
these symptoms occur also at rest and even
during sleep. The cramps may affect only dis-
tal muscles, causing painful posturing of the
hands and feet. As a rule, leg weakness is
greater than arm weakness. These disorders
are not progressive and do not lead to perma-
nent disability. Attacks of cramping are less
frequent and severe with age.

In some children, cramps and fasciculations
are not as prominent as stiffness, which causes
abnormal limb posturing associated frequently
with excessive sweating. Leg involvement
is more common than arm involvement, and
the symptoms suggest dystonia (see Chap-
ter 14). Limb posturing may begin in one foot
and remain asymmetrical for months. Most
cases are sporadic.

Muscle mass, muscle strength, and tendon
reflexes are normal. Fasciculations are sporadic
and seen only after prolonged observation.

Diagnosis. Some adult-onset cases are asso-
ciated with malignancy, but this is never the
case in children. Muscle fibers fire repetitively
at a rate of 100 to 300 Hz, either continuously
or in recurring bursts, producing a pinging
sound. The discharge continues during sleep
and persists after procaine block of the nerve.

Management. Both oxcarbazepine and pheny-
toin, at usual anticonvulsant doses, are effec-
tive in diminishing or abolishing symptoms.

Schwartz-Jampel Syndrome

The Schwartz-Jampel syndrome type 1 is a
hereditary disorder transmitted by autosomal
recessive inheritance. Neonatal Schwartz-
Jampel syndrome (type 2), also known as Stuve-
Wiedemann syndrome, is a genetically distinct
disorder with a more severe phenotype. Char-
acteristic features of Schwartz-Jampel syn-
drome type 1 include short stature, skeletal
abnormalities, and persistent muscular contrac-
tion and hypertrophy.

Clinical Features. Schwartz-Jampel syndrome
type 1 corresponds to the original description
of Schwartz and Jampel. Bone deformities are
not prominent at birth. CMUA of the face is
the main feature, producing a characteristic
triad that includes narrowing of the palpebral
fissures (blepharophimosis), pursing of the
mouth, and puckering of the chin. Striking
or even blowing on the eyelids induces bleph-
arospasm. CMUA in the limbs produces stiff-
ness of gait and exercise intolerance. Motor
development during the first year is slow, but
intelligence is normal.

Diagnosis. EMG shows CMUA. Initial reports
suggested incorrectly that the abnormal activ-
ity seen on EMG and expressed clinically was
myotonia. Myotonia may be present, but
CMUA is responsible for the facial and limb
symptoms. The serum creatine kinase (CK)
concentration can be slightly increased. The
histological appearance of the muscle is usu-
ally normal, but may show variation in fiber
size and an increased number of central
nuclei.

Management. Several antiepileptic drugs can
be used to diminish the muscle stiffness.
Early treatment with relief of muscle stiffness
decreases the severity of subsequent muscle
deformity.
Myotonic Disorders

Myotonia Congenita

Myotonia congenita is a genetic disorder char-
acterized by muscle stiffness and hypertrophy
(Dun� and Colding-Jorgensen, 2005). Weak-
ness is not prominent, but stiffness may impair
muscle function. The disease can be transmit-
ted as either an autosomal dominant (Thomsen
disease) or autosomal recessive (Becker disease)
trait. The overlap of clinical features is consid-
erable, and the clinical features alone cannot
always determine the pattern of genetic trans-
mission. Abnormalities in the chloride chan-
nel underlie all cases.

Clinical Features. Age at onset is variable. In
the dominant form, age at onset is usually in
infancy or early childhood; in the recessive
form, the age at onset is slightly older, but
both may begin in adulthood.
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The autosomal recessive form of myotonia
congenita is often more severe than the domi-
nant form. Individuals with the recessive form
may have mild, progressive, distal weakness
and transitory attacks of weakness induced by
movement after rest.

Clinical features of the dominant form are
stereotyped. After rest, muscles are stiff and
difficult to move. With activity, the stiffness
disappears and movement may be normal.
One of my patients played Little League base-
ball and could not sit while he was waiting
to bat for fear that he would be unable to
get up. The myotonia may cause generalized
muscle hypertrophy, giving the infant a Hercu-
lean appearance. The tongue, face, and jaw
muscles are sometimes involved. Cold expo-
sure exacerbates stiffness, which is painless. Per-
cussion myotonia is present. Muscle mass,
strength, and tendon reflexes are normal.

Diagnosis. EMG establishes the diagnosis.
Repetitive discharges at rates of 20 to 80 cycles
per second are recorded when the needle is
first inserted into the muscle and again on vol-
untary contraction. Two types of discharges
occur: a biphasic spike potential of less than
5 msec and a positive wave of less than 50 msec.
The waxing and waning of the amplitude and
frequency of potentials produce a characteris-
tic sound. Dystrophy is not present. The serum
CK concentration is normal, and muscle
biopsy specimens do not contain necrotic
fibers.

The CLCN1 gene, encoding a chloride
channel, is the only gene associated with myo-
tonia congenita. Sequence analysis is commer-
cially available.

Management. Mexiletine is the most effective
drug for treatment. However, myotonia does
not always require treatment.

Myotonia Fluctuans

Myotonia fluctuans is a distinct disorder
caused by mutations of the muscle sodium
channel (Colding-Jorgensen et al, 2006).
Transmission is by autosomal dominant inher-
itance. Allelic disorders with overlapping clini-
cal phenotypes include hyperkalemic periodic
paralysis and paramyotonia congenita.

Clinical Features. The onset of stiffness is usu-
ally in the second decade and worsens with
exercise or potassium ingestion. Cramps in
the toes, fingers, and eyelids, especially when
tired or cold, begin in childhood. Physical
208
examination reveals mild myotonia but nor-
mal strength. Symptoms vary from day to day.
Myotonia affects the extraocular muscles as
well as the trunk and limbs. The severity of
myotonia fluctuates on a day-to-day basis.
Warming up usually relieves symptoms, but
exercise may also worsen symptoms. A bad
day may follow a day of exercise or potassium
ingestion, but neither precipitant causes im-
mediate worsening of myotonia. Cooling does
not trigger or worsen myotonia.

Diagnosis. EMG shows myotonia and a slight
decrease in the amplitude of compound muscle
action potential on cooling and administration
of potassium. DNA analysis shows a mutation
in the gene for the sodium channel subunit.

Management. Taken daily, mexiletine or acet-
azolamide may relieve the stiffness.
Systemic Disorders

Hypoadrenalism

A small percentage of patients with Addison
disease report experiencing cramps and pain
in truncal muscles. At times, paroxysmal
cramps occur in the lower torso and legs and
cause the patient to double up in pain. Hor-
mone replacement relieves the symptoms.

Hypocalcemia and Hypomagnesemia

Tetany caused by dietary deficiency of calcium
is rare in modern times, except in newborns
fed cows’ milk. Hypocalcemic tetany is more
likely to result from hypothyroidism or hyper-
ventilation-induced alkalosis.

The initial symptom of tetany is tingling
around the mouth and in the hands and feet.
With time, the tingling increases in intensity
and becomes generalized. Spasms in the mus-
cles of the face, hands, and feet follow. The
hands assume a typical posture in which the
fingers extend, the wrists flex, and the thumb
abducts. Fasciculations and laryngeal spasm
may be present. Percussion of the facial nerve,
either just anterior to the ear or over the
cheek, produces contraction of the muscles
innervated by that branch of the nerve.

A similar syndrome occurs with magnesium
deficiency. In addition to the tetany, encepha-
lopathy occurs. Restoring the proper con-
centration of serum electrolytes relieves the
cramps associated with hypocalcemia and
hypomagnesemia.
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Thyroid Disease

Myalgia, cramps, and stiffness are the initial fea-
tures in as many as half of patients with hypo-
thyroidism. Stiffness is worse in the morning,
especially on cold days, and the probable cause
is the slowing of muscular contraction and
relaxation. This is different from myotonia, in
which only relaxation is affected. Indeed, activ-
ity worsens the stiffness of hypothyroidism,
which may be painful, whereas activity relieves
myotonia and is painless. The slowing of mus-
cular contraction and relaxation is sometimes
demonstrated when tendon reflexes are tested.
The response tends to “hang up.”

Percussion of a muscle produces a localized
knot of contraction called myoedema. This
localized contraction lasts for as long as 1 min-
ute before slowly relaxing.

Myokymia; CMUA of the face, tongue, and
limbs; and muscle cramps develop occasion-
ally in patients with thyrotoxicosis. Restoring
the euthyroid state reverses all the neuro-
muscular symptoms of hypothyroidism and
hyperthyroidism.

Uremia

Uremia is a known cause of polyneuropathy
(see Chapter 7). However, 50% of patients
report nocturnal leg cramps and flexion
cramps of the hands even before clinical evi-
dence of polyneuropathy is present. Excessive
use of diuretics may be the triggering factor.
Muscle cramps occur also in approximately
one third of patients undergoing hemodialy-
sis. Monitoring with EMG during dialysis docu-
ments a buildup of spontaneous discharges.
After several hours, usually toward the end of
dialysis treatment, repetitive high-voltage dis-
charges occur associated with clinical cramps.
Because standard dialysis fluid is slightly hypo-
tonic, many nephrologists have attempted to
treat the cramps by administering hypertonic
solutions. Either sodium chloride or glucose
solutions relieve cramps in most patients.
The cramps apparently result from either
extracellular volume contraction or hypo-
osmolarity. Similar cramps occur in children
with severe diarrhea or vomiting.
TCA cycle

Figure 8-1 Glycogen metabolism. 1, myophos-
phorylase, initiates glycogen breakdown; 2, phos-
phoglucomutase; 3, phosphoglucose isomerase; 4,
phosphofructokinase; 5, pyruvate carboxylase; 6,
pyruvate dehydrogenase complex. CoA, coenzyme
A; TCA, tricarboxylic acid cycle (Krebs cycle).
DECREASED MUSCLE ENERGY

Three sources for replenishing adenosine tri-
phosphate (ATP) during exercise are available:
the phosphorylation of adenosine diphosphate
to ATP by phosphocreatine in the exercising
muscles, glycogen and lipids in the exercising
muscles, and glucose and triglycerides brought
to the exercising muscles by the blood. A
fourth and less efficient source derives from
adenosine diphosphate via an alternate path-
way using adenylate kinase and deaminase.
Phosphocreatine stores are the main source
that replenishes ATP during intense activity
of short duration. During the first 30 seconds
of intense endurance exercise, phosphocrea-
tine decreases by 35% and muscle glycogen
stores decrease by 25%. Exercise lasting longer
than 30 seconds is associated with the mobiliza-
tion of substantial amounts of carbohydrate
and lipid.

The breakdown of muscle glycogen (glyco-
genolysis) and the anaerobic metabolism of glu-
cose to pyruvate (glycolysis) provide the energy
to sustain a prolonged contraction (Fig. 8-1).
Anaerobic glycolysis is an inefficient mechanism
for producing energy and is not satisfactory for
endurance exercise. Endurance requires the fur-
ther aerobic metabolism in mitochondria of
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pyruvate generated in muscle by glycolysis. Oxi-
dativemetabolism provides high levels of energy
for every molecule of glucose metabolized (see
Fig. 8-1).

The central compound of oxidative metab-
olism in mitochondria is acetyl coenzyme A
(acetyl-CoA). Acetyl-CoA derives from pyruvate,
fatty acids, and amino acids. When exercise is
prolonged, fatty acids become an important
substrate tomaintainmuscular contraction.Oxi-
dation of acetyl-CoA is through the Krebs cycle.
Release of hydrogen ions decreases nicotin-
amide adenine dinucleotide. These decreased
compounds then enter a sequence of oxida-
tion-reduction steps in the respiratory chain that
liberate energy. Energy is stored as ATP. This
process of liberating and storing energy is oxida-
tion-phosphorylation coupling. Therefore, disorders
that prevent the delivery of glucose or fatty acids,
the oxidation process in the mitochondria, or
the creation of ATP impair the production of
energy for muscle contraction.
Clinical Features of Decreased
Muscle Energy

Exercise intolerance is the invariable result of
any disturbance in the biochemical pathways
that support muscle contraction. The common
symptom is fatigue.Other symptoms aremyalgia
and cramps. Muscle pain is the expected out-
come from unaccustomed exercise. Muscle pain
develops during exercise when the mechanisms
to supply energy for contraction are impaired.

The ischemic exercise test had been the
first step in the diagnosis of muscle energy dis-
orders, but it has become less important with
the ease of tissue diagnosis by muscle biopsy
and the commercial availability of methods
for measuring enzyme activity in fibroblasts.
Furthermore, ischemia is unnecessary to per-
form the test. I have stopped using the test.
It is almost impossible to get a child to cooper-
ate sufficiently to do the test properly.
Defects of Carbohydrate Utilization

Myophosphorylase Deficiency
(McArdle Disease, Glycogen Storage
Disease Type V)

A gene on chromosome 11q13 encodes myo-
phosphorylase. It exists in two forms: phosphor-
ylase a is the active form and phosphorylase b is
the inactive form. Phosphorylase b kinase is the
enzyme that converts the inactive form to the
210
active form and is itself activated by a protein
kinase. Deficiencies of either enzyme result in
exercise intolerance.

Genetic transmission of myophosphorylase
deficiency is by autosomal recessive inheri-
tance. The gene encodes on chromosome
11q13. Reports of autosomal dominant inheri-
tance may represent manifesting heterozy-
gotes. Phosphorylase activity is deficient only
in muscle. The deficiency blocks the first step
of glycogenolysis, and muscle glycogen is
unavailable to produce glucose for energy.
Liver phosphorylase concentrations are nor-
mal, and hypoglycemia does not occur.

Clinical Features. The severity of symptoms var-
ies with the percentage of enzyme activity. Chil-
dren with only mild deficiency states have few
or no symptoms until adolescence. Aching
becomes increasingly prominent and then, after
an episode of vigorous exercise, severe cramps
occur in exercised muscles. Myoglobinuria is
sometimes present. The pain can last for hours.
Thereafter, exercise leads to repeated bouts of
cramps that cause a decrease in the overall level
of activity. Pain begins soon after initiating vigor-
ous exercise and myoglobinuria several hours
later. Some patients exercise through the pain
by slowing down just before the time of fatigue.
Once passing that point, exercise may continue
unimpeded. This “second wind” phenomenon
is probably due to an increase in cardiac output,
the use of blood glucose and free fatty acids as a
substrate for muscle metabolism, and the
recruitment of more motor units.

Examination is generally unrevealing. Usu-
ally, muscle mass, muscle strength, and ten-
don reflexes are normal. Only adult patients
develop weakness, and even then, tendon
reflexes are normal.

An alternate presentation of myophosphor-
ylase deficiency is a slowly progressive proxi-
mal weakness beginning during childhood or
adult life. Affected individuals may never
report cramps with exercise or myoglobinuria.
Tendon reflexes are present until late in the
course of disease.

Diagnosis. EMG results are usually normal.
The serum CK concentration is increased,
and myoglobin may appear in the urine coin-
cidentally with the cramps.

Salient features of muscle biopsy specimens
are histochemical evidence of subsarcolemmal
vacuoles containing glycogen and the absence
of phosphorylase. Muscle fiber degeneration
and regeneration are present immediately
after an episode of cramps and myoglobinuria.
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Definitive diagnosis requires the biochemical
demonstration of decreased myophosphory-
lase activity.

Management. Creatine supplementation may
increase muscle function (Vorgerd et al, 2002).
Moderate aerobic conditioning improves exer-
cise capacity (Haller et al, 2006). Ingestion of
oral sucrose 30 to 40 minutes before aerobic
exercise may also improve exercise tolerance
(Vissing andHaller, 2003). Patients usually learn
to live with their disorder by controlling their
level of exercise.

Other Disorders of Glucose Utilization

Four other enzyme deficiencies associated with
the anaerobic glycolysis of carbohydrates pro-
duce a syndrome identical to myophosphorylase
deficiency: cramps with exercise and myoglobi-
nuria (see Fig. 8-1). They are muscle phos-
phofructokinase deficiency (glycogen storage
disease type VII, Tarui disease),muscle phospho-
glycerate kinase deficiency (glycogen storage dis-
ease type IX, muscle phosphoglycerate mutase
deficiency (glycogen storage disease type X),
and lactate dehydrogenase deficiency (glycogen
storage disease type XI). All are autosomal
recessive traits except phosphoglycerate kinase
deficiency, which is an X-linked trait. Phospho-
fructokinase deficiency is the most common
member of this group and causes infantile hypo-
tonia as well (see Chapter 6). Attacks may be
associated with nausea, vomiting, and muscle
pain. The mutase deficiency occurs mainly in
African Americans.

Muscle biopsy results show subsarcolemmal
collections of glycogen, but the histochemical
reaction for phosphorylase is normal. Biochem-
ical analysis correctly identifies the disorders.
Defects of Long-Chain Fatty Acid
Metabolism

Long-chain fatty acids are the principal lipid
oxidized to produce acetyl-CoA.

Carnitine Palmitoyl Transferase 2
Deficiency

The mitochondrial oxidation of fatty acids is
the main source of energy for muscles dur-
ing prolonged exercise and during fasting.
The carnitine palmitoyl transferase (CPT)
enzyme system is essential for the transfer
of fatty acids across the mitochondrial
membrane. This system includes CPT-1 in the
outer mitochondrial membrane and CPT-2 and
carnitine-acylcarnitine translocase in the inner
mitochondrial membrane.

CPT-2 deficiency is an autosomal recessive
trait (gene locus 1p32) with three main phe-
notypes (Deschauer et al, 2005). The most
severe phenotype is a fatal nonketotic-hypogly-
cemic encephalopathy of infants in which
CPT-2 is deficient in several organs. Exercise
intolerance with myoglobinuria characterizes
the less severe phenotype of CPT-2 deficiency
of muscle. CPT-2 deficiency is the most com-
mon metabolic disorder of skeletal muscle.
The phenotypic variations in the muscle dis-
eases caused by CPT-2 deficiency probably
relate to the type of molecular defect and to
superimposed environmental factors, such as
prolonged fasting, exercise, cold exposure,
and intercurrent illness.

Clinical Features. Age at onset of symptoms
ranges from1 year to adulthood. In 70%of cases,
the disease starts by age 12 years, and in most of
the rest, it starts between 13 and 22 years of age.
Performing heavy exercise of short duration
poses no difficulty. However, pain, tenderness,
and swelling of muscles develop after sustained
aerobic exercise. Severe muscle cramps, as in
myophosphorylase deficiency, do not occur.
Associated with the pain may be actual muscle
injury characterized by an increased serum CK
concentration andmyoglobinuria. Muscle injury
may also accompany periods of prolonged fast-
ing, especially in patients on low-carbohydrate,
high-fat diets.

In the interval between attacks, results ofmus-
cle examination, serum CK concentration, and
EMGare usually normal. PeoplewithCPT-2 defi-
ciency are at risk of malignant hyperthermia.

Diagnosis. The clinical features suggest the
diagnosis, and measuring the concentration of
CPT-2 inmuscle provides confirmation. Muscle
histology is usually normal between attacks.

Management. Frequent carbohydrate feedings
and avoiding prolonged aerobic activity mini-
mize muscle destruction.

Very-Long-Chain Acyl Coenzyme A
Dehydrogenase Deficiency

The chain length of their preferred substrates
describes four mitochondrial acyl-CoA dehydro-
genases: short, medium, long, and very long.
The first three are located in the mitochondrial
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matrix, and deficiency causes recurrent coma
(seeChapter 2). Very-long-chainCoAdehydroge-
nase is bound to the inner mitochondrial mem-
brane, and deficiency causes exercise-induced
myoglobinuria (Gregersen et al, 2001).

Clinical Features. Onset is usually in the sec-
ond decade but can be as early as 4 years. Pain
and myoglobinuria occur during or following
prolonged exercise or fasting. Weakness may
be profound. Carbohydrate ingestion before or
during exercise reduces the intensity of pain.
Results of an examination between attacks are
normal.

Diagnosis. Serum CK concentration is slightly
increased between attacks and increases fur-
ther at the time of myoglobinuria. EMG
results are consistent with myopathy, and the
muscle biopsy specimen shows lipid storage
in type I fibers. Plasma free fatty acids but
not ketones increase during a 24-hour fast,
suggesting impaired ketogenesis.

Management. Frequent small carbohydrate feed-
ings, dietary fat restriction, and carnitine sup-
plementation reduce the frequency of attacks.
Table 8-5 Clinical Features
of Mitochondrial Disease

Nervous System

Ataxia
Central apnea
Deafness, sensorineural
Dementia
Dystonia
Hypotonia
Mental retardation
Migraine-like headaches
Mitochondrial (Respiratory Chain)
Myopathies

The respiratory chain, located in the inner mito-
chondrial membrane, consists of five protein
complexes: complex I (reduced nicotin-
amide adenine dinucleotide–coenzyme Q reduc-
tase), complex II (succinate–coenzyme Q
reductase), complex III (reduced coenzyme
Q–cytochrome-c reductase), complex IV (cyto-
chrome-c oxidase), and complex V (ATP
synthase; Fig. 8-2).
Succinate

ATP ATP ATP

NADH CoQ Cytochrome C O2

I III

II

IV

V V V

Figure 8-2 Respiratory complexes. Complex I
(reduced nicotinamide adenine dinucleotide–coenzyme
Q reductase); complex II (succinate–coenzyme Q
reductase); complex III (reduced coenzyme Q–
cytochrome-c reductase); complex IV (cytochrome-c
oxidase); complex V (adenosine triphosphate synthase).
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Coenzyme Q is a shuttle between com-
plexes I and II and complex III. One newborn
with a defect of coenzyme Q had a clinical
syndrome of seizures, abnormal ocular move-
ments, and lactic acidosis. The clinical syndromes
associated with mitochondrial disorders are con-
tinually expanding and revised. The organs
affected are those highly dependent on aerobic
metabolism: the nervous system, skeletalmuscle,
heart, and kidney (Table 8-5). Exercise intoler-
ance, either alone or in combination with
symptoms of other organ failure, is a common
feature of mitochondrial disorders. The several
clinical syndromes defined do not correspond
exactly to any one of the respiratory complexes
(Table 8-6).

Clinical Features. The age at which mitochon-
drial myopathies begin ranges from birth
to adulthood, but is before age 20 in most
patients. Half of patients have ptosis or
ophthalmoplegia, one fourth have exertional
complaints in the limbs, and one fourth have
cerebral dysfunction. With time, consider-
able overlap occurs among the three groups.
Seventy-five percent eventually have ophthal-
moplegia, and 50% have exertional symptoms.
Pigmentary retinopathy occurs in 33% and
neuropathy in 25%.
Neuropathy, sensorimotor
Ophthalmoplegia
Optic atrophy
Polyneuropathy
Retinitis pigmentosa
Seizures
Spinal muscular atrophy

Heart

Cardiomyopathy
Conduction defects

Kidney

Aminoaciduria
Hyperphosphaturia

Skeletal Muscle

Exercise intolerance
Myopathy



Figure 8-3 Ragged-red fibers (trichrome stain).
The mitochondria are enlarged and stain intensely
with hematoxylin.

Table 8-6 Mitochondrial Disorders

Complex I (NADH–Coenzyme Q Reductase)

Congenital lactic acidosis, hypotonia, seizures, and
apnea

Exercise intolerance and myalgia
Kearns-Sayre syndrome (see Chapter 15)
Metabolic encephalopathy, lactic acidosis, and stroke

(see Chapter 11)
Progressive infantile poliodystrophy (see Chapter 5)
Subacute necrotizing encephalomyelopathy (see

Chapter 5)

Complex II (Succinate–Coenzyme Q Reductase)

Encephalomyopathy (?)

Complex III (Coenzyme QH2–Cytochrome-c
Reductase)

Cardiomyopathy
Kearns-Sayre syndrome (see Chapter 15)
Myopathy and exercise intolerance with or without

progressive external ophthalmoplegia

Complex IV (Cytochrome-c Oxidase)

Fatal neonatal hypotonia (see Chapter 6)
Menkes syndrome (see Chapter 5)
Myoclonus epilepsy and ragged-red fibers
Progressive infantile poliodystrophy (see Chapter 5)
Subacute necrotizing encephalomyelopathy (see

Chapter 5)
Transitory neonatal hypotonia (see Chapter 6)

Complex V (Adenosine Triphosphate Synthase)

Congenital myopathy
Neuropathy, retinopathy, ataxia, and dementia
Retinitis pigmentosa, ataxia, neuropathy, and

dementia

NADH, reduced nicotinamide adenine dinucleotide.
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Exercise intolerance usually develops by
10 years of age. With ordinary activity, active
muscles become tight, weak, and painful.
Cramps and myoglobinuria are unusual but
may occur. Nausea, headache, and breathless-
ness are sometimes associated features. During
these episodes, the serum concentration of
lactate and CK may increase. Generalized
weakness with ptosis and ophthalmoplegia
may follow prolonged periods of activity or
fasting. Such symptoms may last for several
days, but recovery is usually complete.

Diagnosis. A mitochondrial myopathy is a
consideration in all children with exercise
intolerance and ptosis or ophthalmoplegia.
This combination of symptoms may also sug-
gest myasthenia gravis. However, in myas-
thenia, the ocular motor features fluctuate,
whereas in mitochondrial myopathies they
are constant.

Some children with mitochondrial myopa-
thies have an increased concentration of serum
lactate after exercise. An easy-to-perform test
is the glucose-lactate tolerance test. During an
ordinary oral glucose tolerance test, measure
lactate and glucose concentrations simulta-
neously. In some children with mitochondrial
disorders, lactic acidosis develops and glucose
is slow to clear.

Muscle biopsy specimens, taken from a weak
muscle, show a clumping of the mitochondria,
which become red when Gomori trichrome
stain is applied (Fig. 8-3). These muscle cells
are ragged-red fibers. Commercial laboratories
can identify several specific respiratory com-
plex disturbances.

Management. Treatment with cocktails that
include riboflavin, ubiquinone, vitamin C,
menadione, and niacin is popular but has no
established benefit.
Myoadenylate Deaminase Deficiency

The muscle form of adenosine monophos-
phate deaminase encodes on chromosome
1p. Deficiency of myoadenylate deaminase is
clearly a familial trait, and the mode of inheri-
tance is autosomal recessive. The deficiency
state occurs in infants with hypotonia, in chil-
dren with progressive myopathies and recur-
rent rhabdomyolysis, in children and adults
with exercise intolerance, and in asymptomatic
individuals. Establishing a cause-and-effect
relationship between myoadenylate deaminase
deficiency and exercise intolerance in any
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particular individual is often difficult because
most people with the deficiency state are
asymptomatic.

Clinical Features. The typical history is one of
intermittent muscle pain and weakness with
exercise. The pain varies from diffuse aching
to severe cramping associated with muscle
tenderness and swelling. Between attacks, the
children are normal. Symptoms last for 1 to
20 years, with a mean duration of less than
9 years.

Diagnosis. During attacks, the serumCK concen-
tration may be normal or markedly increased.
The results of EMG andmuscle histological stud-
ies are usually normal. The forearm ischemic
exercise test suggests the diagnosis. Patients with
myoadenylate deaminase deficiency fail to gener-
ate ammonia but show normal increases in
lactate. However, ammonia levels may fail to
increase even in normal individuals, and enzyme
analysis of muscle is required for diagnosis.

Obligate heterozygotes have a reduced con-
centration of myoadenylate deaminase in mus-
cle. However, they are capable of normal
ammonia production and are asymptomatic.

Management. There is no treatment.
MYOPATHIC STIFFNESS
AND CRAMPS

This section deals with several conditions that
cause muscle stiffness or cramps, or both, in
which the primary abnormality is thought to
be in skeletal muscle.
Figure 8-4 Tubular aggregates (adenosine tri-
phosphatase reaction). Dark material is present
beneath the sarcolemma in type I and II fibers
(arrows).
Brody Myopathy

The autosomal recessive, but not the autoso-
mal dominant, form of Brody myopathy is
caused by a mutation in the gene (16p12) that
encodes the fast-twitch skeletal muscle cal-
cium-activated ATPase (SERCA1) in sarcoplas-
mic reticulum (Odermatt et al, 1997). In one
Italian family with autosomal dominant inher-
itance, the Brody phenotype cosegregated
with a chromosome (2;7) (p11.2;p12.1) trans-
location (Novelli et al, 2004).

Clinical Features. The main clinical feature is
difficulty of relaxation after contraction. EMG
supports the diagnosis. Symptoms of exercise-
induced stiffness and cramping begin in the
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first decade and become progressively worse with
age. Unlike myotonia, stiffness becomes worse
rather than better with continued exercise. Exer-
cise can resume after a period of rest. Muscle
strength and tendon reflexes are normal.

Diagnosis. Muscle histology reveals type II atro-
phy. Establishing the diagnosis requires show-
ing the biochemical defect.

Management. Dantrolene, which decreases the
myofibrillar Ca2þ concentration by blocking
Ca2þ release from the sarcoplasmic reticulum,
provides symptomatic relief. Verapamil may
also be useful.
Cramps and Tubular Aggregates

Tubular aggregates are abnormal double-walled
structures that originate in the sarcoplasmic retic-
ulum and are located in a subsarcolemmal posi-
tion (Fig. 8-4). Aggregates appear in the muscle
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biopsy specimens from patients with several neu-
romuscular disorders. In some families, patients
have a progressivemyopathy, whereas others only
experience cramps or myalgia.

Sporadic Cases

Clinical Features. Onset is usually in the second
or third decade. Cramps may occur at rest or
be induced by exercise. The thigh and calf mus-
cles become swollen, stiff, and tender. Cramping
occurs more often in cold weather and at
night, interfering with sleep. Myalgia is present
between cramps. Episodic stiffness of the mouth
and tongue interferes with speech. Cramps are
not associated withmyoglobinuria. Musclemass,
strength, and tendon reflexes are normal.

Diagnosis. The serum CK concentration is nor-
mal. EMG results are normal except that in
some patients the cramps are electrically
silent. Muscle histology results are the basis
for a diagnosis. Light and electron micro-
scopic examinations show tubular aggregates
in type II fibers. Evidence of glycogen or lipid
storage is not present.

Management. The cramps do not respond to
medication.

Autosomal Dominant Cases

Clinical Features. Muscle aches, cramps, and
proximal weakness begin in the second decade.
The cramps are exercise induced but also may
occur at rest and during sleep. Usually, the legs
cramp more than the arms, but the pattern var-
ies from family to family. Weakness, when it
occurs, is mild and progresses slowly.

Diagnosis. The serum CK concentration is
moderately increased. EMG results suggest a
myopathic process in some families and a neuro-
pathic process in others. Muscle biopsy speci-
mens may show tubular aggregates in type I and
II fibers. Type I fiber predominance and type II
hypotrophy are present in some patients.

Management. No treatment is available for
either the myopathy or the cramps.
Familial X-Linked Myalgia
and Cramps

Familial X-linked myalgia and cramps are
another phenotype associated with a decreased
amount of skeletal muscle dystrophin, which is
usually associated with Becker muscular dystro-
phy (see Chapter 7). Almost all cases involve
males (Samaha and Quinlan, 1996), except
for one case of a female who also had hypertro-
phy of the calves (Malapart et al, 1995). Half of
themales and the one female showed a deletion
in the dystrophin gene.

Clinical Features. Symptoms begin in early
childhood, frequently between 4 and 6 years
of age. The boys first have cramps with exer-
cise and then cramps at rest. Usually the limb
muscles are affected, but chest pain may occur
as well. The cramping continues throughout
life, but is not associated with atrophy or weak-
ness. Tendon reflexes are normal.

Diagnosis. Affected family members have
increased concentrations of serum CK, espe-
cially after exercise. EMG and muscle biopsy
findings are usually normal or show only slight,
nonspecific changes. This disorder and the
McLeod phenotype (acanthocytosis, increased
serum CK concentration, and absence of the
Kell antigen) are allelic conditions. EMG and
muscle specimens show nonspecific myopathic
changes. DNA analysis may be normal or may
show a deletion in the first third of the dystro-
phin gene or in exons 45 to 52.

Management. Pharmaceutical agents do not
relieve the cramps. Exercise avoidance is the
only way to avoid cramping.
Malignant Hyperthermia

Malignant hyperthermia is a disorder of cal-
cium regulation in skeletal muscle (Rosenberg
and Dirksen, 2006). Transmission is as an
autosomal dominant trait. Genetic localization
was first to chromosome 19q13.1 and the skel-
etal muscle ryanodine receptor. However,
malignant hyperthermia proved to be geneti-
cally heterogeneous, with additional loci on
chromosomes 17q, 7q, 3q, and 5p (Robinson
et al, 1997). Several neuromuscular disorders,
such as CPT-2, muscular dystrophy, and cen-
tral core disease, predispose to the syndrome.
The administration of several inhalation anes-
thetics or succinylcholine triggers attacks of
muscular rigidity and necrosis associated with
a rapid increase in body temperature. Non-
anesthetic triggers of rhabdomyolysis in suscep-
tible persons include severe exercise in hot
conditions, neuroleptic drugs, alcohol, and
infections.
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Clinical Features. The first symptoms are tachy-
cardia, tachypnea, muscle fasciculations, and
increasing muscle tone. Body temperature
increases dramatically, as much as 2�C per hour.
All muscles become rigid, and a progressive and
severe metabolic acidosis develops. Seizures and
death may occur without prompt treatment.

Diagnosis. The basis for diagnosis is the
response to anesthesia or succinylcholine.
The serum CK concentration increases to
10 times the upper limit of normal. Molecular
diagnosis is available in Europe to detect the
three responsible genes, and in the United
States to detect ryanodine receptor (RYR1)
mutations. No reliable test for identifying all
susceptible individuals is available.

Management. Treatment includes termination
of anesthesia, body cooling, treatment of met-
abolic acidosis, and intravenous injection of
dantrolene, 1 to 2 mg/kg, repeated every 5 to
10 minutes to a total dose of 10 mg/kg. Indi-
viduals with known or suspected malignant
hyperthermia should be pretreated with dan-
trolene before using an anesthetic.
Neuroleptic Malignant Syndrome

Neuroleptic malignant syndrome, like malig-
nant hyperthermia, is a disorder of the skeletal
muscle calcium channels.

Clinical Features. Several neuroleptic agents
may induce an idiosyncratic response charac-
terized by muscle rigidity, hyperthermia,
altered states of consciousness, and autonomic
dysfunction in susceptible individuals. Impli-
cated agents include phenothiazines, butyro-
phenones, and thioxanthenes. Persons of all
ages are affected, but predominantly young
men. Symptoms develop over 1 to 3 days.
The first symptoms are rigidity and akinesia,
followed by fever, excessive sweating, urinary
incontinence, and hypertension. Conscious-
ness fluctuates, and the 20% mortality rate is
due to respiratory failure.

Diagnosis. The clinical findings are the basis
of diagnosis. The only helpful laboratory test
results are an increased serum CK concentra-
tion and leukocytosis.

Management. The offending neuroleptic agent
must be promptly withdrawn and general sup-
portive care provided. Bromocriptine reverses
the syndrome completely.
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Rigid Spine Syndrome

Rigid spine syndrome is now recognized as the
severe classic form of multiminicore myopathy
(Beggs and Agrawal, 2008) and has been linked
tomutations in the SEPN1 gene (Mogadaszadeh
et al, 2001). Multiminicore myopathy is divisible
into four groups: the classic form composes
75% of the total, and the other three (moderate
form with hand involvement, antenatal form
with arthrogryposis, and the ophthalmoplegic
form) compose less than 10% each. The classic
form is usually perinatal and characterized by
neonatal hypotonia, delayed motor develop-
ment, axial muscle weakness, scoliosis, and sig-
nificant respiratory depression. Spinal rigidity
of varying severity is present.

Clinical Features. Marked limitations in flexion
of the dorsolumbar and cervical spine begin in
infancy or early childhood secondary to con-
tractures in the spinal extensors. Movement
of the spine and the thoracic cage is lost.
Extension of the elbows and ankles may be
limited. The condition is not progressive, but
scoliosis often leads to respiratory failure.

Diagnosis. The presence of multiple minicores
visible on a muscle biopsy specimen using oxi-
dative stains is the basis for diagnosis.

Management. Management is symptomatic.
Rippling Muscle Disease
(Caveolinopathies)

Caveolin is a muscle-specific membrane protein
(Bruno et al, 2007). Disorders of caveolin pro-
duce several different phenotypes within the
same family. One is rippling muscle disease in
which mechanical stimulation of muscle pro-
duces electrically silent contractions. Transmis-
sion of the disorder is by autosomal dominant
inheritance. Autosomal dominant limb-girdle
muscular dystrophy type 1C, as well as some
cases of isolated hyperCKemia and isolated
hypertrophic cardiomyopathy, are allelic disor-
ders (Bruno et al, 2007).

Clinical Features. Frequent falls are the initial
feature in children with the caveolin-3 gene
mutation (Schara et al, 2002). Other features
include muscle pain and cramps after exercise
that persist for several hours. Stiffness occurs
during rest after the child exercises or
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maintains a posture for long periods. Percus-
sion of muscles causes local swelling and a
peculiar rippling movement that lasts for
10 to 20 seconds. Muscle hypertrophy devel-
ops. Muscle strength, tone, and coordination,
as well as tendon reflexes, are normal.
Diagnosis. The serum CK concentration is
slightly increased, and muscle biopsy findings
are normal. EMG of the muscle swelling after
percussion shows no electrical activity. Molecu-
lar genetics testing confirms the diagnosis.
Management. Management is symptomatic.
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9
Sensory and Autonomic
Disturbances
This chapter deals primarily with sensory
disturbances of the limbs and trunk. Auto-
nomic dysfunction is often associated with sen-
sory loss but sometimes occurs alone. Chapter
17 considers sensory disturbances of the face.
Table 9-1 Patterns of Sensory Loss

Pattern Site

All limbs Spinal cord or peripheral
nerve

Both legs Spinal cord or peripheral
nerve

Glove-and-stocking Peripheral nerve
Legs and trunk Spinal cord
One arm Plexus
One leg Plexus or spinal cord
Unilateral arm and

leg
Brain or spinal cord
SENSORY SYMPTOMS

Pain, dysesthesias, and loss of sensibility are
the important symptoms of disturbed sensa-
tion. Peripheral neuropathy is the most com-
mon cause of disturbed sensation at any age.
As a rule, hereditary neuropathies are more
likely to cause loss of sensibility without dis-
comfort, whereas acquired neuropathies are
more likely to be painful. Discomfort, rather
than numbness, is more likely to bring a
patient to medical attention.

Nerve root pain generally follows a dermato-
mal distribution. Ordinarily, its description is
deep and aching pain. It is more proximal than
distal and may be constant or intermittent.
When intermittent, the pain may radiate in a
dermatomal distribution. The most common
cause of root pain in adults is sciatica associated
with lumbar disk disease.Disk disease also occurs
in adolescents, usually because of trauma. In
children, radiculitis is a more common cause
of root pain. Examples of radiculitis are the
migratory aching of a limb preceding paralysis
in Guillain-Barré syndrome (see Chapter 7)
and the radiating pain in a C5 distribution that
heralds an idiopathic brachial neuritis (see
Chapter 13).

Polyneuropathy involving small nerve fibers
causes dysesthetic pain. This pain differs from
previously experienced discomfort and is
described as a pins and needles, tingling, or
burning sensation. It compares with the abnor-
mal sensation felt when dental anesthesia is
wearing off. The discomfort is superficial, dis-
tal, and usually symmetrical. Dysesthetic pain
is never a feature of hereditary neuropathies
in children.

Loss of sensibility is the sole initial feature
in children with sensory neuropathy. Because
clumsiness is the initial feature, delay in es-
tablishing a correct diagnosis is common.
Strength is normal, as are the results of tests
of cerebellar function. Tendon reflexes are
absent. The combination of areflexia and
clumsiness should suggest a sensory neuropa-
thy. Table 9-1 summarizes the pattern of sen-
sory loss as a guide to the anatomical site of
abnormality.
PAINFUL LIMB SYNDROMES

Three painful arm syndromes are acute idio-
pathic brachial neuritis (also called neuralgic
amyotrophy or brachial plexitis), familial recur-
rent brachial neuritis, and complex regional pain
syndrome (CRPS; reflex sympathetic dystrophy).
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In the first two syndromes, muscle atrophy fol-
lows transitory pain in the shoulder or arm.
Monoplegia is the prominent feature (see
Chapter 13). Although muscle atrophy also
occurs in CRPS, pain is the prominent feature.
Discussion of CRPS follows.
Complex Regional Pain Syndrome I

The presence of regional pain and sensory
changes after a noxious event defines CRPS.
A working group of the International Associa-
tion for the Study of Pain developed a new
terminology (Rowbotham, 1998) that separates
reflex sympathetic dystrophy from causalgia.
CRPS I replaces the term reflex sympathetic dystro-
phy. CRPS I is defined as “a pain syndrome that
develops after an injury, is not limited to the
distribution of a single peripheral nerve, and
is disproportional to the inciting event.” CRPS
II requires demonstrable peripheral nerve
injury and replaces the term causalgia.

Clinical Features. The essential feature of
CRPS I is sustained burning pain in a limb
combined with vasomotor and pseudomotor
dysfunction, leading to atrophic changes in
skin, muscle, and bone after trauma. The pain
is of greater severity than that expected from
the inciting injury. The mechanism remains a
debated issue. Catecholamine hypersensitivity
may account for the decreased sympathetic out-
flow and autonomic features in the affected
limb (Wasner et al, 2001).

The mean age at onset in children is 11
years, and girls are more often affected than
are boys. CRPS I frequently follows trauma to
one limb, with or without fracture. The
trauma may be relatively minor, and the clini-
cal syndrome is so unusual that a diagnosis of
“hysterical” or “malingering” is common. Time
until onset after injury is usually within 1 or
2 months, but the average interval from injury
to diagnosis is 1 year.

The first symptom is pain at the site of injury,
which progresses either proximally or distally
without regard for dermatomal distribution or
anatomical landmarks. Generalized swelling
and vasomotor disturbances of the limb occur
in 80% of children. Pain is intense, described
as burning or aching, and is out of proportion
to the injury. It may be maximally severe at
onset or may become progressively worse for 3
to 6 months. Movement or dependence exacer-
bates the pain, causing the patient to hold the
arm in a position of abduction and internal
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rotation, as if swaddled to the body. The hand
becomes swollen and hyperesthetic and feels
warmer than normal.

Children with CRPS I do better than adults.
Reported outcomes vary widely, probably based
on the standard of diagnosis. In my own ex-
perience, most begin recovering within 6 to
12 months. Long-term pain is unusual, as are
the trophic changes of the skin and bones that
often occur in adults. Recovery is usually com-
plete, and recurrence is unusual.

Diagnosis. The basis for diagnosis is the clinical
features; laboratory test results are not confirma-
tory. Because the syndrome follows accidental or
surgical trauma, litigation is commonplace and
requires careful documentation of the clinical
features examination. In recent years, CRPS I
has become popular on the Internet and is often
self-diagnosed incorrectly. Websites caution the
patient that doctors misdiagnose the condition
as hysterical. The result is increasing numbers
of hysterical patients seeking consultation for
an incorrect self-diagnosis of CRPS I.

One simple test is to immerse the affected
limb in warm water. Wrinkling of the skin of
the fingers or toes requires intact sympathetic
innervation. The absence of wrinkling is evi-
dence of a lesion in either the central or
peripheral sympathetic pathway. The other
unaffected limb serves as a control.

Management. For most children, management
consists of range-of-motion exercise and over-
the-counter analgesics. Treatment of more
severe syndromes, as occur in adults, includes
the oral administration of guanethidine, antic-
onvulsants, gabapentin (Wheeler et al, 2000),
prednisone with or without stellate ganglion
blockade, and sympathectomy. No specific treat-
mentmodality has proven efficacy (Hooshmand
and Hashmi, 1999).
Erythromelalgia

Familial erythromelalgia is an autosomal dom-
inant disorder (2q24) caused by a mutation in
a gene encoding a voltage-gated sodium chan-
nel (Waxman and Dib-Hajj, 2005).

Clinical Features. Burning pain occurs in one
or more limbs exposed to warm stimuli or
exercise. Onset is often in the second decade.
Moderate exercise, such as walking, induces
burning pain, redness, and warmth of the feet
and lower legs.
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Diagnosis. The clinical features establish the
diagnosis, especially when other family mem-
bers are affected.

Management. Stopping exercise provides relief.
Sodium channel blockers are useful to prevent
attacks in some families.
CENTRAL CONGENITAL
INSENSITIVITY (INDIFFERENCE)
TO PAIN

Most children with congenital insensitivity to
pain have a hereditary sensory neuropathy.
In many early reports, sensory neuropathy
was not a consideration and appropriate tests
not performed. This section is restricted
to those children and families with a central
defect. Sensory neuropathy testing results
are normal, and mild mental retardation
is often associated. Several affected children
are siblings with consanguineous parents.
Autosomal recessive inheritance is there-
fore suspect. Lesch-Nyhan syndrome is a spe-
cific metabolic disorder characterized by
self-mutilation (presumably because of in-
difference to pain) and mental retardation
without evidence of sensory neuropathy
(see Chapter 5).

Clinical Features. Children with congenital
insensitivity to pain come to medical atten-
tion when they begin to crawl or walk. Their
parents recognize that injuries do not cause
crying and that the children fail to learn the
potential of injury from experience. The
result is repeated bruising, fractures, ulcera-
tions of the fingers and toes, and mutilation
of the tongue. Sunburn and frostbite are
common.

Examination shows absence of the corneal
reflex and insensitivity to pain and tempera-
ture but relative preservation of touch and
vibration sensations. Tendon reflexes are pres-
ent, an important point to differentiate it from
sensory neuropathy.

Diagnosis. The results of electromyography,
nerve conduction studies, and examination
of the cerebrospinal fluid are normal.

Management. No treatment is available for the
underlying insensitivity, but repeated injuries
require supportive care. Injuries and recurrent
infections decrease longevity.
FORAMEN MAGNUM TUMORS

Extramedullary tumors in and around the
foramen magnum are known for false localiz-
ing signs and for mimicking other disorders,
especially syringomyelia and multiple sclerosis.
In children, neurofibroma caused by neurofi-
bromatosis is the only tumor found in this
location.

Clinical Features. The most common initial
symptom is unilateral or bilateral dysesthesia
of the fingers. Suboccipital or neck pain
occurs as well. Ignoring such symptoms is
common early in the course of the disease.
Numbness and tingling usually begin in one
hand and then migrate to the other. Dys-
esthesia in the feet is a late occurrence. Gait
disturbance, incoordination of the hands,
and bladder disturbance generally follow the
sensory symptoms and are so alarming that
they prompt medical consultation.

Many patients have café au lait spots, but
few have evidence of subcutaneous neuromas.
The distribution of weakness may be one arm,
one side, or both legs; 25% of patients have
weakness in all limbs. Atrophy of the hands is
uncommon. Sensory loss may involve only
one segment or may have a “cape” distribu-
tion. Diminished pain and temperature sensa-
tions are usual, and other sensory disturbances
may be present. Tendon reflexes are brisk in
the arms and legs. Patients with neurofibroma-
tosis may have multiple neurofibromas caus-
ing segmental abnormalities in several levels
of the spinal cord.

Diagnosis. Magnetic resonance imaging (MRI)
is the best method for showing abnormalities
at the foramen magnum.

Management. Surgical excision of a C2 root
neurofibroma relieves symptoms completely.
HEREDITARY NEUROPATHIES

Hereditary Sensory and Autonomic
Neuropathies

The classification of hereditary sensory and
autonomic neuropathy (HSAN) attempts to
synthesize information based on natural his-
tory, mode of inheritance, and electrophysio-
logical characteristics. Table 9-2 provides the
HSAN classification.
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Table 9-2 Disturbances of Sensation

Brachial neuritis
Neuralgic amyotrophy (see Chapter 13)
Recurrent familial brachial neuropathy (see
Chapter 13)

Complex regional pain syndrome I (reflex
sympathetic dystrophy)

Congenital insensitivity (indifference) to pain
Lesch-Nyhan syndrome
Mental retardation
With normal nervous system

Foramen magnum tumors
Hereditary metabolic neuropathies

Acute intermittent porphyria
Hereditary tyrosinemia

Hereditary sensory and autonomic neuropathy
Type I (autosomal dominant)
Type II (autosomal recessive)
Type III (familial dysautonomia)
Type IV (with anhydrosis)

Lumbar disk herniation
Syringomyelia
Thalamic syndromes
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Hereditary Sensory and Autonomic
Neuropathy Type I

HSAN type I (HSAN I) is the only HSAN trans-
mitted by autosomal dominant inheritance. As
with other dominantly inherited neuropathies,
variable expression is the rule (Nicholson,
2007). Therefore, the history alone is insuffi-
cient to determine whether the parents are
affected; physical examination and electro-
physiological studies are required. HSAN I
maps to chromosome 9q22.1-22.3.

Clinical Features. Symptoms begin during the
second decade or later. The major clinical
features are lancinating pains in the legs
and ulcerations of the feet. However, initial
symptoms are usually insidious, and the pre-
cise onset is often difficult to date. A callus
develops on the sole of the foot, usually
in the skin overlying a weight-bearing bony
prominence. The callus blackens, becomes
necrotic, and breaks down into an ulcer that
is difficult to heal. Sensory loss precedes
the ulcer, but often it is the ulcer, and not
the sensory loss, that first brings the patient
to medical attention. Although plantar
ulcers are an important feature, they are
not essential for diagnosis. When the pro-
band has typical features of plantar ulcers
and lancinating pain, other family members
may have sensory loss in the feet, mild pes
cavus or peroneal atrophy, and loss of the
ankle tendon reflex.
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Sensory loss in the hands is variable and
never as severe as in the feet. Finger ulcers
do not occur. Distal muscle weakness and
wasting are present in all advanced cases.

Diagnosis. Autosomal dominant inheritance
and sensory loss in the feet are essential for
the diagnosis. The presence of plantar ulcers
and lancinating pain is helpful but not critical.
Clinical grounds differentiate HSAN I from
familial amyloid polyneuropathy. Urinary in-
continence, impotence, and postural hypoten-
sion are frequent features of amyloidosis but
do not occur in HSAN I. Molecular genetics
testing is available.

Electrophysiological studies show slowing
of sensory nerve conduction velocity and
the absence of sensory nerve action potentials.
Sural nerve biopsy reveals a marked decrease
or absence of myelinated fibers and a mild
to moderate decrease in small myelinated
fibers.

Management. No treatment is available for the
neuropathy, but good foot care prevents plan-
tar ulcers. Patients must avoid tight-fitting
shoes and activities that traumatize the feet.
Discontinue weight bearing at the first sign
of a plantar ulcer. Much of the foot mutilation
reported in previous years was due to second-
ary infection of the ulcers. Warm soaks, eleva-
tion, and antibiotics prevent infection from
mutilating the foot.
Hereditary Sensory and Autonomic
Neuropathy Type II

HSAN type II (HSAN II) probably includes
several disorders transmitted by autosomal
recessive inheritance. The genetic abnormal-
ities are unknown. Some cases are relatively
static, and others have a progressive course.
Many of the cases are sporadic, and instances
of parental consanguinity and affected siblings
occur in some families.

Clinical Features. Symptoms probably begin
during infancy and possibly at the time of
birth. Infantile hypotonia is common (see
Chapter 6). Unlike HSAN I, which affects pri-
marily the feet, HSAN II involves all limbs
equally as well as the trunk and forehead.
The result is a diffuse loss of all sensation;
diminished touch and pressure are probably
earlier and greater in extent than are temper-
ature and pain. Affected infants and children
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are constantly hurting themselves without a
painful response. The absence of the protec-
tion that pain provides against injury results
in ulcerations and infections of the fingers
and toes, stress fractures, and injuries to long
bones. Loss of deep sensibility causes injury
and swelling of joints, and loss of touch makes
simple tasks, such as tying shoes, manipulating
small objects, and buttoning buttons, difficult,
if not impossible. Tendon reflexes are absent
throughout. Sweating diminishes in all areas
of decreased sensibility, but no other features
of autonomic dysfunction are present.

HSAN II may be associated with impaired
hearing, taste, and smell; with retinitis pig-
mentosa; or with the early onset of cataracts.
It is unclear whether or not such cases repre-
sent separate genetic disorders or are part of
the phenotypic spectrum of a single genetic
disorder.

Diagnosis. The diagnosis relies primarily on
the history and examination. Absence of sen-
sory nerve action potentials confirms that the
congenital absence of pain is due to periph-
eral neuropathy and not to a cerebral abnor-
mality. Motor nerve conduction velocities are
normal, as are the morphological characteris-
tics of motor unit potentials. Fibrillations are
sometimes present. A sural nerve biopsy speci-
men reveals an almost complete absence of
myelinated fibers.

The boundary between HSAN II and HSAN
IV (discussed later) is difficult to delineate
clinically. Mental retardation and anhydrosis
are more prominent in HSAN IV than in
HSAN II.

Management. No treatment is available for the
neuropathy. However, parents must be vigilant
for painless injuries. Discoloration of the skin
and swelling of joints or limbs should raise
the possibility of fracture. Children must learn
to avoid activities that might cause injury and
to examine themselves for signs of superficial
infection.

Hereditary Sensory and Autonomic
Neuropathy Type III

The usual name for HSAN type III is familial
dysautonomia or Riley-Day syndrome. This disor-
der is present at birth. Cardinal features are
hypotonia, feeding difficulties, and poor con-
trol of autonomic function. Because neonatal
hypotonia is prominent, it is discussed in
Chapter 6.
Hereditary Sensory and Autonomic
Neuropathy Type IV
(Congenital Insensitivity to Pain
with Anhidrosis)

Genetic transmission of HSAN type IV (HSAN
IV) is by autosomal recessive inheritance.
The abnormal gene site is 1q21-22 (Bonkowski
et al, 2003). The major features are congenital
insensitivity to pain, anhidrosis, and mental
retardation. All the clinical abnormalities
are present at birth, and although complica-
tions of the pain-free state are a continuous
problem, the underlying disease may not be
progressive.

Clinical Features. Anhidrosis, rather than insen-
sitivity to pain, causes the initial symptoms.
Affected infants have repeated episodes of
fever, sometimes associated with seizures.
These episodes usually occur during the sum-
mer, and the cause is an inability to sweat in
response to exogenous heat. Sweat glands
are present in the skin but lack sympathetic
innervation. Most infants are hypotonic and
areflexic. Attainment of developmental mile-
stones is slow, and by 2 or 3 years of age, the
child has had several self-inflicted injuries
caused by pain insensitivity. Injuries may
include ulcers of the fingers and toes, stress
fractures, self-mutilation of the tongue, and
Charcot joints.

Sensory examination shows widespread
absence of pain and temperature sensation.
Touch, vibration, and stereognosis are intact
in some patients. Tendon reflexes are absent
or hypoactive. The cranial nerves are in-
tact, and the corneal reflex and lacrimation
are normal. Mild to moderate retardation is
present in almost every case. Other features,
present in some children, are blond hair and
fair skin, Horner syndrome, and aplasia of
dental enamel.

Diagnosis. Familial dysautonomia (HSAN III)
and HSAN IV have many features in com-
mon and are easily confused. However,
insensitivity to pain is not prominent in
HSAN III, and fungiform papillae of the
tongue are present in HSAN IV. Molecular
genetics testing is now available for both
disorders.

Management. No treatment is available for the
underlying disease. However, constant vigi-
lance is required to prevent injuries to the skin
and bones with secondary infection.
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Metabolic Neuropathies

Acute Intermittent Porphyria

Acute intermittent porphyria is an autosomal
dominant disorder that results from an error
in pyrrole metabolism due to deficiency of por-
phobilinogen deaminase. The gene location is
11q23.3. Individuals with similar degrees of
enzyme deficiency may have considerable varia-
tion in phenotypic expression (Anderson et al,
2005).

Clinical Features. Approximately 90%of individ-
uals with acute intermittent porphyria never
have clinical symptoms. Onset is rarely before
puberty. Symptoms are periodic and occur at
irregular intervals. Alterations in hormone levels
during a normal menstrual cycle or pregnancy
and exposure to certain drugs, especially barbi-
turates, trigger attacks. The most common clini-
cal feature of acute intermittent porphyria is an
attackof severe abdominal pain, often associated
with vomiting, constipation, or diarrhea. Tachy-
cardia, hypertension, and fevermay be associated.
Limb pain is common, and muscle weakness
often develops. The weakness is a result of a
motor neuropathy that causes greater weakness
in proximal than distal muscles and in the
arms more than the legs. Tendon reflexes are
usually decreased and may be absent in weak
muscles. Approximately half of the patients
have cerebral dysfunction; mental changes are
particularly common, and seizures sometimes
occur. Chronic mental symptoms, such as
depression and anxiety, sometimes continue
even between attacks.

Diagnosis. Suspect acute intermittent porphyria
in individuals with acute or episodic neuro-
logical or psychiatric disturbances. Increased
excretion of aminolevulinic acid andporphobili-
nogen occurs during attacks, but levels may be
normal between attacks. The risk of attacks cor-
relates with the excretion of porphobilinogen
in the urine when the patient is symptom free.
The results of molecular genetics testing are
definitive.

Management. The most important aspect of
managing symptomatic disease is to prevent
acute attacks by avoiding known precipitating
factors. During an attack, patients frequently
require hospitalization because of severe pain.
Carbohydrates are believed to decrease por-
phyrin synthesis and should be administered
intravenously daily at a dose of 300 to 500 g
as a 10% dextrose solution. Reports of benefit
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from hematin infusions, a specific feedback
inhibitor of heme synthesis, appear in the lit-
erature. However, hematin is neither readily
available nor very soluble and may carry a risk
of renal damage.

Hereditary Tyrosinemia

Hereditary tyrosinemia type I is caused by defi-
ciency of the enzyme fumarylacetoacetate
hydrolase. Transmission of the genetic trait is
by autosomal recessive inheritance, and the
gene maps to locus 15q23-q25.

Clinical Features. The major features are acute
and chronic liver failure and a renal Fanconi
syndrome. However, recurrent attacks of pain-
ful dysesthesia or paralysis are a prominent
feature of the disease in half of children. The
attacks usually begin at 1 year of age, and
infection precedes the attack in half of the
cases. Perhaps because of the child’s age, pain
localization is poor and referred to the legs
and lower abdomen. Associated with the pain
is axial hypertonicity that ranges in severity
from mild neck stiffness to opisthotonos.
Generalized weakness occurs in 30% of attacks
and may necessitate respiratory support. Less
common features of attacks are seizures and
self-mutilation. Between attacks, the child
appears normal.

Diagnosis. An increased blood concentration of
tyrosine and a deficiency of fumarylacetoacetate
hydrolase are the basis for diagnosis. The cause
of crises is in part an acute axonal neuropathy.
The neuropathy is demonstrable by EMG. Succi-
nylacetone, ametabolite of tyrosine, accumulates
and inhibits porphyrin metabolism. Definitive
diagnosis is by molecular genetics testing.

Management. Nitisinone (Orfadin), 2-(2-nitro-4-
trifluoromethylbenzyol)-1,3-cyclohexanedione,
blocks parahydroxyphenylpyruvic acid dioxy-
genase, the second step in the tyrosine degrada-
tion pathway, and prevents the accumulation of
fumarylacetoacetate and its conversion to succi-
nylacetone (Holme and Lindstedt, 2000). Liver
transplantation is the definitive treatment.
SPINAL DISORDERS

Lumbar Disk Herniation

Trauma is the usual cause of lumbar disk her-
niation in children. Almost all cases occur
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after age 10. They are more common in boys
than in girls and are frequently sports related.
Delay in diagnosis is common because lumbar
disk herniation is so unusual in children.

Clinical Features. The initial features are pain
and inability to function normally because of
pain and inability to move the back. Straight
leg raising and bending forward from the waist
are impaired. Frequently the pain has been
present for a long time because most children
will accommodate their disability. Examina-
tion reveals diminished sensation to pinprick
in the distribution of the L5 and Sl derma-
tome and diminished or absent ankle tendon
reflexes in more than half of patients.

Diagnosis. Radiographs of the lumbosacral
spine reveal minor congenital anomalies
(hemivertebrae, sacralization of the lumbar
spine) in an unusually large number of cases.
MRI of the spine or myelography confirms
the diagnosis.

Management. For most patients, bed rest pro-
vides immediate relief. The indication for sur-
gical treatment is pain that persists and limits
function despite adequate medical measures.
Syringomyelia

Syringomyelia is a generic term for a fluid-
filled cavity within the substance of the spinal
cord. The cavity varies in length and may
extend into the brainstem. A cephalic exten-
sion is termed syringobulbia. The cavity, or syr-
inx, is central in the gray matter and may
enlarge in all directions. The cervicothoracic
region is a favorite site, but a thoracolumbar
syrinx also occurs, and occasionally a syrinx
extends from the brainstem to the conus
medullaris.

The mechanism of syrinx formation is
uncertain. Cavitation of the spinal cord some-
times follows trauma and infarction, but these
are not important mechanisms of syringomye-
lia in children. In childhood, the cause of pri-
mary syringomyelia is either a congenital
malformation or a cystic astrocytoma. In the
past, the two were distinguishable only by post-
mortem examination. Astrocytomas of the spi-
nal cord, like those of the cerebellum, may
have large cysts with only a nubbin of solid
tumor. MRI has greatly enhanced antemortem
diagnosis of cystic astrocytoma by showing
small areas of increased signal intensity in
one or more portions of the cyst. Cystic
astrocytoma is more likely to produce symp-
toms during the first decade, whereas congen-
ital syringomyelia becomes symptomatic in the
second decade or later and is usually asso-
ciated with the Chiari anomaly. Chapters 12
and 13 consider cystic astrocytoma of the spi-
nal cord; this section addresses primarily con-
genital syringomyelia.

Clinical Features. The initial symptoms of
syringomyelia depend on the cyst’s location.
Because the cavity is near the central canal, it
first affects crossing fibers subserving pain
and temperature. When the syrinx is in the
cervical area, pain and temperature are typi-
cally lost in a “cape” or “vest” distribution.
However, early involvement is often unilateral
or at least asymmetrical, and sometimes the
fingers are involved before the shoulders.
Preservation of touch and pressure persists
until the cyst enlarges into the posterior col-
umns or the dorsal root entry zone. Loss of
pain sensibility in the hands often leads to
injury, ulceration, and infection, as seen in
hereditary sensory and autonomic neuropa-
thies. Pain is prominent. Symptoms include
neck ache, headache, back pain, and radicular
pain.

Scoliosis is common, and torticollis may be
an initial sign in children with cervical cavities.
As the cavity enlarges into the ventral horn,
weakness and atrophy develop in the hands
and may be associated with fasciculations;
pressure on the lateral columns causes hyper-
reflexia and spasticity in the legs. Very long
cavities may produce lower motor neuron
signs in all limbs. Sphincter control is some-
times impaired. The posterior columns are
generally the last to be affected, so that vibra-
tion sense and touch are preserved until rela-
tively late in the disease course. The progress
of symptoms is extremely slow and insidious.
The spinal cord adjusts well to the slowly
developing pressure within. Thus, at the time
of consultation, a long history of minor neuro-
logical handicaps, such as clumsiness and diffi-
culty running, is common.

Bulbar signs are relatively uncommon and
usually asymmetrical. They include hemiatrophy
of the tongue with deviation on protrusion, facial
weakness, dysphasia, and dysarthria. Distur-
bances of the descending pathway of the trigemi-
nal nerve cause loss of pain and temperature
sensations on the same side of the face as the
facial weakness and tongue hemiatrophy.

Diagnosis. MRI is the diagnostic study of
choice. It shows not only the cavity (Fig. 9-1)
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Figure 9-1 Cervical syringomyelia. MRI demon-
strates a long cavity (arrow) beginning just below the
foramen magnum.
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and the Chiari malformation, but also the
presence of small foci of glioma.

Management. Syrinxes occurring with hydro-
cephalus and communicating with the fourth
ventricle do well after ventriculoperitoneal shunt
placement. Syrinxes associated with Chiari I
malformations collapse after shunting from the
syrinx to the cerebellopontine angle, and non-
communicating syrinxes often collapse after
excision of an extramedullary obstruction.
THALAMIC PAIN

The thalamic pain syndrome occurs almost
exclusively in adults after infarction of the
thalamus. Similar symptoms sometimes occur
in patients with thalamic glioma. The location
of the lesion is usually the ventroposterolateral
nucleus of the thalamus. Thalamic-type pain
also occurs with lesions of the parietal lobe,
medial lemniscus, and dorsolateral medulla
(MacGowan et al, 1997).
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Clinical Features. Touching the affected limb
or part of the body produces intense discom-
fort described as sharp, crushing, or burning.
Suffering is considerable, and the quality of
the pain is unfamiliar to the patient. Several
different modes of stimulation, such as changes
in ambient temperature, auditory stimulation,
and even changes in emotional state, can
accentuate the pain. Despite the severity of
these dysesthesias, the affected limb is other-
wise anesthetic to ordinary sensory testing.

Diagnosis. The presence of thalamic pain
should prompt imaging studies to determine
the presence of tumor, infarction, or demye-
linating disease.

Management. The combination of levodopa
and a peripheral decarboxylase inhibitor may
be helpful for relieving pain. If this does not
prove satisfactory, administer some combina-
tion of analgesic and tranquilizing medication.
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Ataxia
Table 10-1 Acute or Recurrent Ataxia

Brain tumor
Conversion reaction
Drug ingestion
Encephalitis (brainstem)
Genetic disorders

Dominant recurrent ataxia
Episodic ataxia type 1
Episodic ataxia type 2
Hartnup disease
Maple syrup urine disease
Pyruvate dehydrogenase deficiency

Migraine
Basilar
Benign paroxysmal vertigo

Postinfectious/immune
Acute postinfectious cerebellitis
Miller Fisher syndrome
Multiple sclerosis
Myoclonic encephalopathy and neuroblastoma

Progressive cavitating leukoencephalopathy
Pseudoataxia (epileptic)
Trauma

Hematoma (see Chapter 2)
Postconcussion
Vertebrobasilar occlusion

Vascular disorders
Cerebellar hemorrhage
Kawasaki disease
The term ataxia denotes disturbances in the
fine control of posture and movement. The
cerebellum and its major input systems from
the frontal lobes and the posterior columns
of the spinal cord provide this control. The
initial and most prominent feature is usually
an abnormal gait. The ataxic gait is wide
based, lurching, and staggering and provokes
disquiet in an observer for fear that the
patient is in danger of falling. One observes a
similar gait in people who are attempting to
walk in a vehicle that has several directions of
motion at once, such as a railroad train.

When an abnormality occurs in the vermis of
the cerebellum, the child cannot sit still but con-
stantly moves the body to and fro and bobs the
head (titubation). In contrast, disturbances of
the cerebellar hemispheres cause a tendency
to veer in the direction of the affected hemi-
sphere, with dysmetria and hypotonia in the
ipsilateral limbs. Bifrontal lobe disease may pro-
duce symptoms and signs that are indistinguish-
able from those of cerebellar disease.

Loss of sensory input to the cerebellum
because of peripheral nerve or posterior column
disease necessitates constant looking at the feet
to know their location in space. The gait is also
wide based, but is not so much lurching as care-
ful. The foot raises high with each step and slaps
down heavily on the ground. Station and gait
are considerably worse with the eyes closed,
and the patient may actually fall to the floor
(Romberg sign). Sensory ataxia is more likely
to cause difficulty with fine finger movements
than with reaching for objects.

Other features of cerebellar disease are a char-
acteristic speech that varies in volume and has an
increased separation of syllables (scanning
speech), hypotonia, limb and ocular dysmetria,
and tremor. The differential diagnosis of a child
with acute ataxia or recurrent attacks of ataxia
(Table 10-1) is quite different from that of a
child with chronic static or progressive ataxia
(Table 10-2). Therefore, the discussion of these
two presentations is separate in this text. How-
ever, one may “suddenly” become aware of what
hadbeen a slowly progressive ataxia, and children
with recurrent ataxia may never recover to base-
line function after each attack. Progressive ataxia
superimposes on the acute attacks.

ACUTE AND RECURRENT
ATAXIAS

The two most common causes of ataxia among
children who were previously healthy and then
suddenly have an ataxic gait are drug ingestion
and acute postinfectious cerebellitis. Migraine,
brainstem encephalitis, and an underlying neu-
roblastoma are the next considerations.
227



Table 10-2 Chronic or Progressive Ataxia

Brain Tumors

Cerebellar astrocytoma
Cerebellar hemangioblastoma (Von Hippel-Lindau

disease)
Ependymoma
Medulloblastoma
Supratentorial tumors (see Chapter 4)

Congenital Malformations

Basilar impression
Cerebellar aplasias
Cerebellar hemisphere aplasia
Chiari malformation
Dandy-Walker malformation (see Chapter 18)
Vermal aplasia

Hereditary Ataxias

Autosomal dominant inheritance (see Table 10–3)
Autosomal recessive inheritance

Abetalipoproteinemia

Ataxia-telangiectasia
Ataxia with episodic dystonia
Ataxia without oculomor apraxia
Friedreich ataxia
Hartnup disease
Juvenile GM2 gangliosidosis
Juvenile sulfatide lipidoses
Maple syrup urine disease
Marinesco-Sjögren syndrome
Pyruvate dehydrogenase deficiency
Ramsay Hunt syndrome
Refsum disease (HSMN IV) (see Chapter 7)
Respiratory chain disorders (see Chapter 8)

X-Linked Inheritance

Adrenoleukodystrophy (see Chapter 5)
Leber optic neuropathy (see Chapter 16)

With adult-onset dementia
With deafness
With deafness and loss of vision
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Brain Tumor

Primary brain tumors ordinarily cause
chronic progressive ataxia and are discussed
later in this chapter. However, ataxia may
be acute if the brain tumor bleeds or causes
hydrocephalus. In addition, early clumsiness
may not become apparent until it becomes
severe enough to cause an obvious gait dis-
turbance. Brain imaging is therefore recom-
mended for most children with acute cerebellar
ataxia.
Conversion Reaction

Clinical Features. Hysterical gait disturbances
are relatively common in children, especially
girls between 10 and 15 years of age. Hysteria is
involuntary and usually provides a secondary
gain. In contrast, malingering is a voluntary act.
Hysterical gait disturbances are often extreme.
The child appears to sit without difficulty, but
when brought to standing, immediately begins
to sway from the waist. Stance is not wide
to improve stability. Instead, the child lurches,
staggers, and otherwise travels across the room
from object to object. The lurching maneuvers
are often complex and require extraordinary
balance. Strength, tone, sensation, and tendon
reflexes are normal.

Diagnosis. The diagnosis of hysterical gait dis-
turbances is by observation; laboratory tests
are not usually required to exclude other
possibilities.
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Management. Determination of the precipitat-
ing stress is important. Conversionmay represent
a true call for help in a desperate situation such
as sexual abuse. Such cases require referral to a
multispecialty team able to deal with the whole
family. Fortunately, most children with hysterical
gait disturbances are responding to an immedi-
ate and less serious life stress. Usually, symptoms
are treatable by the use of suggestion and do not
require psychiatric referral except when conver-
sion is used repeatedly to handle stress.
Dominant Recurrent Ataxias

At least two distinct genetic defects are recog-
nized that cause episodic ataxia (EA): EA
type 1 and EA type 2. Both are the result of ion
channel mutations. Mutations in a potassium
channel gene underlie EA type 1, and muta-
tions in a voltage-dependent calcium channel
underlie EA type 2 (Subramony et al, 2003).

Episodic Ataxia Type 1
(Paroxysmal Ataxia and Myokymia)

EA type 1 results from a mutation of the potas-
sium channel gene KCNA1 on chromosome
12p. The additional feature of continuous
motor unit activity (see Chapter 8) suggests a
defect in membrane stability affecting the cen-
tral and peripheral nervous systems.

Clinical Features. The onset of attacks is usually
between 5 and 7 years of age. Abrupt postural
change, startle, and anxiety may provoke an
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attack. The child becomes aware of the attack
onset by the sensation of spreading limpness or
stiffness lasting for a few seconds. Incoordina-
tion, trembling of the head or limbs, and blurry
vision often follow. Some children feel warm
and perspire. Some can continue standing or
walking, but most sit down. Attacks usually last
for less than 10 minutes but can be as long as 6
hours. Myokymia of the face and limbs began
at approximately age 12 years. Physical findings
included large calves, normal muscle strength,
and widespread myokymia of face, hands, arms,
and legs, with a hand posture resembling carpo-
pedal spasm. A resting electromyogram shows
continuous spontaneous activity.

Diagnosis. The basis for clinical diagnosis is the
history of typical attacks and family history.
Electromyography confirms the diagnosis by
showing continuous motor unit activity, most
often in the hands but also in the proximal
arm muscles and sometimes in the face.

Management. Some patients respond to daily
antiepileptic drugs. When these fail, a trial of
daily acetazolamide is reasonable.

Episodic Ataxia Type 2
(Acetazolamide-Responsive Ataxia)

EA type 2, one form of spinocerebellar ataxia
(type 6), and one type of familial hemiplegic
migraine all represent allelic mutations in
the same calcium channel gene on chromo-
some 19p. Approximately half of patients have
migraine headaches; some episodes may be
typical of basilar migraine (Spacey, 2003).

Clinical Features. Clinical heterogeneity is con-
siderable despite genetic localization to the 19p
site. The onset is generally during school age or
adolescence. The child first becomes unsteady
and is then unable to maintain posture because
of vertigo and ataxia. Vomiting is frequent and
severe. Jerk nystagmus, sometimes with a rotary
component, occurs during attacks. One to three
attacks may occur each month, with symptoms
lasting for 1 hour to 1 day. Attacks become
milder and less frequent with age. Slowly pro-
gressive truncal ataxia and nystagmus may per-
sist between attacks. In some patients, ataxia is
the only symptom, others have only vertigo,
and still others have only nystagmus. Most
affected individuals are normal between attacks,
but some are phenotypically indistinguishable
from those with spinocerebellar ataxia type 6
(see “Progressive Hereditary Ataxias”).
Diagnosis. The clinical features and the family
history are the basis for diagnosis. Molecular
diagnosis is available on a research basis.
Magnetic resonance imaging (MRI) may show
selective atrophy of the cerebellar vermis. Basi-
lar artery migraine and benign paroxysmal ver-
tigo can be distinguished from dominant
recurrent ataxia because, in these conditions,
older family members have migraine but do
not have recurrent ataxia. Furthermore, attacks
of benign paroxysmal vertigo rarely last more
than a few minutes.

Management. Daily oral acetazolamide pre-
vents recurrence of attacks in almost every
case. The mechanism of action is unknown.
The dose is generally 125 mg twice daily in
young children and 250 mg twice daily in
older children. Flunarizine, 5 to 10 mg/day,
may serve as an alternative therapy for children
with acetazolamide intolerance. Antiepileptic
and antimigraine medications are without
value.
Drug Ingestion

The incidence of accidental drug ingestion is
greatest between ages 1 and 4 years.

Clinical Features. An overdose of most psycho-
active drugs causes ataxia, disturbances in per-
sonality or sensorium, and sometimes seizures.
Toxic doses of antiepileptic drugs, especially
phenytoin, may cause marked nystagmus and
ataxia without an equivalent alteration in sen-
sorium. Excessive use of antihistamines in the
treatment of an infant or young child with
allergy or an upper respiratory tract infection
may cause ataxia. This is especially true in
children with otitis media, who may have
underlying unsteadiness because of middle
ear infection.

Diagnosis. Carefully question the parents or
care providers of every child with acute ataxia
concerning drugs intentionally administered
to the child and other drugs accessible in the
home. Specific inquiry concerning the use of
anticonvulsant or psychoactive drugs by family
members is mandatory. Screen urine for drug
metabolites, and send blood for analysis when
suspecting intoxication with a specific drug.

Management. Treatment depends on the spe-
cific drug ingested and its blood concentra-
tion. In most cases of ataxia caused by drug
ingestion, the drug can be safely eliminated
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spontaneously if vital function is not compro-
mised, if acid-base balance is not disturbed,
and if liver and kidney function is normal. In
life-threatening situations, dialysis may be nec-
essary while supporting vital function in an
intensive care unit.
Encephalitis (Brainstem)

Ataxia may be the initial feature of viral
encephalitis affecting primarily the structures
of the posterior fossa. Potential etiological
agents include echoviruses, coxsackieviruses,
adenoviruses, and Coxiella burnetii (Sawaishi
et al, 1999).

Clinical Features. Cranial nerve dysfunction
is often associated with the ataxia. Generalized
encephalitis characterized by declining con-
sciousness and seizures may develop later.
Meningismus is sometimes present. The course
is variable, and although most children recover
completely, some experience considerable neu-
rological impairment. Those who have only
ataxia and cranial nerve palsies, with no distur-
bance of neocortical function, tend to recover
best. Such cases are indistinguishable from
Miller Fisher syndrome on clinical grounds
alone.

Diagnosis. Diagnosis requires showing a cellu-
lar response, primarily mononuclear leuko-
cytes, in the cerebrospinal fluid, with or
without some increase in the protein content.
Prolonged interpeak latencies of the brain-
stem auditory evoked response are evidence
of an abnormality within the brainstem paren-
chyma and not the peripheral sensory input
system. The electroencephalogram (EEG) is
usually normal in children with brainstem
encephalitis who have a normal sensorium.

Management. No specific treatment is available
for the viral infection.
Inborn Errors of Metabolism

Hartnup Disease

Hartnup disease is a rare disorder transmitted
by autosomal recessive inheritance. The abnor-
mal gene localizes to chromosome 5p15
(Nozaki et al, 2001). The basic error is a defect
of amino acid transport in the kidney and small
intestine. The result is aminoaciduria and the
retention of amino acids in the small intestine.
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Tryptophan conversion is to nonessential
indole products instead of nicotinamide.

Clinical Features. Affected children are normal
at birth, but may be slow in attaining develop-
mental milestones. Most achieve only border-
line intelligence; others are normal. Affected
individuals are photosensitive and have a
severe pellagra-like skin rash after exposure
to sunlight. Nicotinamide deficiency causes
the rash. Many patients have episodes of limb
ataxia, sometimes associated with nystagmus.
Mental changes, ranging from emotional
instability to delirium, or states of decreased
consciousness may occur. Examination reveals
hypotonia and normal or exaggerated tendon
reflexes. Stress or intercurrent infection trig-
gers the neurological disturbances, which
may be due to the intestinal absorption of
toxic amino acid breakdown products. Most
patients have both rash and neurological dis-
turbances, but each can occur without the
other. Symptoms progress over several days
and last for a week to a month before recovery
occurs.

Diagnosis. The constant feature of Hartnup
disease is aminoaciduria involving neutral
monoaminomonocarboxylic aminoacids. These
include alanine, serine, threonine, asparagine,
glutamine, valine, leucine, isoleucine, phenylal-
anine, tyrosine, tryptophan, histidine, and
citrulline.

Management. Daily oral administration of nico-
tinamide, 50 to 300 mg, may reverse the skin
and neurological complications. A high-protein
diet helps make up for the amino acid loss, and
the disease is rare in populations with adequate
diets.

Maple Syrup Urine Disease
(Intermittent)

Maple syrup urine disease is a disorder of
branched-chain amino acid metabolism caused
by deficiency of the enzyme branched-chain
keto acid dehydrogenase. The result of the
deficiency is a neonatal organic acidemia.
Transmission of the defect is by autosomal
recessive inheritance. Three phenotypes are
associated, depending on the percentage of
enzyme deficiency. The classic form begins as
seizures in the newborn (see Chapter 1), the
intermediate form causes progressive mental
retardation (see Chapter 5), and the intermit-
tent form causes recurrent attacks of ataxia
and encephalopathy.
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Clinical Features. Affected individuals are nor-
mal at birth. Between 5 months and 2 years,
minor infections, surgery, or a diet rich in pro-
tein provokes episodes of ataxia, irritability, and
progressive lethargy. The length of an attack
varies; most children recover spontaneously,
but some die of severe metabolic acidosis. Psy-
chomotor development remains normal in
survivors.

Diagnosis. The urine has a maple syrup odor
during the attack, and the blood and urine
have increased concentrations of branched-
chain amino acids and keto acids. Between
attacks, the concentrations of branched-chain
amino acids and keto acids are normal in both
blood and urine. Establishing the diagnosis
requires demonstrating the enzyme deficiency
in cultured fibroblasts.

Management. A protein-restricted diet is neces-
sary for children with intermittent maple
syrup urine disease. Some have a thiamine-
responsive enzyme defect, and l g/day of thia-
mine treats the acute attacks. If this is success-
ful, a recommended maintenance dose is
l00 mg/day. The main objective during an
acute attack is to reverse ketoacidosis. Allow
no protein ingestion. Peritoneal dialysis may
be helpful in life-threatening situations.

Pyruvate Dehydrogenase Deficiency

The pyruvate dehydrogenase (PDH) complex
is responsible for the oxidative decarboxy-
lation of pyruvate to carbon dioxide and acetyl
coenzyme A. Disorders of the complex are
associated with several neurological conditions,
including subacute necrotizing encephalomye-
lopathy (Leigh disease), mitochondrial my-
opathies, and lactic acidosis. The complex
contains three main components that are
termed E1, E2, and E3. E1 consists of two a sub-
units encoded on the X chromosome and two
b subunits. Episodes of intermittent ataxia
and lactic acidosis characterize the X-linked
form of PDH-E1 deficiency (Head et al, 2005).
E1 deficiency is the most common form of
PDH deficiency.

Clinical Features. The clinical features range
from severe neonatal lactic acidosis and death
to EA with lactic and pyruvic acidosis and spino-
cerebellar degeneration. Most patients show
mild developmental delay during early child-
hood. Episodes of ataxia, dysarthria, and some-
times lethargy usually begin after 3 years of age.
In more severely affected patients, episodes
may begin during infancy and are associated
with generalized weakness and states of de-
creased consciousness. Some attacks are spon-
taneous, but intercurrent infection, stress, or
a meal high in carbohydrate provokes others.
Attacks recur at irregular intervals and may
last from 1 day to several weeks.

The severity of neurological dysfunction in
any individual probably reflects the level of
residual enzyme activity. Those with generalized
weakness are also areflexic and have nystagmus
or other disturbances in ocular motility. Ataxia
is the predominant symptom. Intention tremor
and dysarthria may be present. Hyperventilation
is common, and metabolic acidosis may be the
cause. Patients with almost complete PDH defi-
ciency die of lactic acidosis and central hypoven-
tilation during infancy.

Diagnosis. PDH deficiency should be suspected
in children with lactic acidosis, hypotonia, pro-
gressive ataxia or EA, the Leigh disease pheno-
type, and recurrent polyneuropathy. The
pyruvic acid concentration is increased, and
the lactate-to-pyruvate ratio is low. The blood
concentration of lactate may be increased
between attacks; lactate and pyruvate concen-
trations are always increased during attacks.
Some children have hyperalaninemia as well.
Analysis of enzyme activity in cultured fibro-
blasts, leukocytes, or muscle establishes the
diagnosis.

Management. The ketogenic diet is a rational
treatment for PDHcomplex deficiency (Klepper
et al, 2002). Patients are usually treated with
thiamine (100–600 mg/day) and a high-fat
(>55%), low-carbohydrate diet. Unfortunately,
current treatments do not prevent disease pro-
gression inmost patients. In addition, twice-daily
oral acetazolamide, 125 mg in small children
and 250 mg in older children, may significantly
abort the attacks. The efficacy of treating
patients with biotin, carnitine, coenzyme Q10,
and thiamine supplements has not been
established.
Migraine

Basilar Migraine

The term basilar (artery) migraine characterizes
recurrent attacks of brainstem or cerebellar
dysfunction that occur as symptoms of a
migraine attack. Children who experience bas-
ilar artery migraine have typical migraine with
aura at other times (Kirchmann et al, 2006).
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Girls are more often affected than boys. The
peak incidence is during adolescence, but
attacks may occur at any age. Infant-onset cases
are more likely to present as benign paroxys-
mal vertigo.

Clinical Features. Gait ataxia occurs in approx-
imately 50% of patients. Other symptoms
include visual loss, vertigo, tinnitus, alternat-
ing hemiparesis, and paresthesia of the fin-
gers, toes, and corners of the mouth. An
abrupt loss of consciousness may occur, usu-
ally lasting for only a few minutes. Cardiac
arrhythmia and brainstem stroke are rare life-
threatening complications. A severe, throb-
bing, occipital headache usually follows the
neurological disturbances. Nausea and vomit-
ing occur in less than one third of cases.

Children may have repeated basilar
migraine attacks, but with time, the episodes
evolve into a pattern of classic migraine. Even
during attacks of classic migraine, the patient
may continue to describe vertigo and even
ataxia.

Diagnosis. Electroencephalography is used to
distinguish basilar migraine from benign
occipital epilepsy. The EEG shows occipital
intermittent delta activity during and just after
an attack of basilar migraine and occipital dis-
charges in epilepsy.

Management. The treatment of basilar artery
migraine is the same as for other forms of
migraine (see Chapter 3). Frequent attacks
require a prophylactic agent.
Benign Paroxysmal Vertigo

Benign paroxysmal vertigo is primarily a disor-
der of infants and preschool children but may
occur in older children.
Clinical Features. Recurrent attacks of vertigo
are characteristic. Vertigo is maximal at onset.
True cerebellar ataxia is not present, but
vertigo is so profound that standing is impossi-
ble. The child either lies motionless on the
floor or wants to be held. Consciousness is main-
tained throughout the event, and headache is
not associated. The predominant symptoms
are pallor, nystagmus, and fright. Episodes last
only for minutes and may recur at irregular
intervals. With time, attacks decrease in fre-
quency and stop completely. Migraine develops
in 21% of cases (Lindskog et al, 1999).
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Diagnosis. The diagnosis is primarily clinical,
and laboratory tests are useful only to exclude
other possibilities. A family history of migraine,
although not necessarily paroxysmal vertigo, is
positive in 40% of cases. Some parents indicate
that they experience vertigo with their attacks
of migraine. Only in rare cases does a parent
have a history of benign paroxysmal vertigo.

Management. The attacks are so brief and harm-
less that treatment is not required.
Postinfectious and Immune-Mediated
Disorders

In many conditions discussed in this section,
the underlying cause of cerebellar dysfunction
and some other neurological deficits is an
altered immune state. Preceding viral infec-
tions are usually incriminating, but documen-
tation is limited to only half of cases. Natural
varicella infections and the varicella vaccine
are definite preceding causes. No other vac-
cine links to acute cerebellar ataxia.

Acute Cerebellar Ataxia

Acute cerebellar ataxia usually affects children
between 2 and 7 years of age, but it may occur
as late as 16 years. The disorder affects both
genders equally, and the incidence among fam-
ily members is not increased. In the past, acute
cerebellar ataxia occurred most often after var-
icella infection. The widespread use of varicella
vaccine has made the syndrome uncommon.
However, it is a complication of live-inactivated
vaccine administration.

Clinical Features. The onset is explosive. A pre-
viously healthy child awakens from a nap and
cannot stand. Ataxia is maximal at onset.
Some worsening may occur during the first
hours, but a longer progression or a waxing
and waning course negates the diagnosis.
Ataxia varies from mild unsteadiness while
walking to complete inability to stand or walk.
Even when ataxia is severe, sensorium is clear
and the child is otherwise normal. Tendon
reflexes may be present or absent; their
absence suggests Miller Fisher syndrome. Nystag-
mus, when present, is usually mild. Chaotic
movements of the eyes (opsoclonus) should
suggest myoclonic encephalopathy-neuroblas-
toma syndrome.

Symptoms begin to remit after a few days,
but recovery of normal gait takes 3 weeks
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to 5 months. Patients with pure ataxia of the
trunk or limbs and only mild nystagmus are
likely to recover completely. Marked nystag-
mus or opsoclonus (see “Myoclonic Encepha-
lopathy and Neuroblastoma Syndrome”),
tremors of the head and trunk, or moderate
irritability is usually followed by persistent neu-
rological sequelae.

Diagnosis. The diagnosis of acute postinfec-
tious cerebellitis is one of exclusion. Every
child should have drug screening, and most
will have a brain imaging study. The necessity
of imaging the brain in typical cases, especially
those with varicella infection, is debatable.
Lumbar puncture is indicated when encepha-
litis is suspected.

Management. Acute postinfectious cerebellitis
is a self-limited disease. Treatment is not
required.

Miller Fisher Syndrome

Ataxia, ophthalmoplegia, and areflexia charac-
terize Miller Fisher syndrome. A similar disorder
with ataxia and areflexia but without ophthalmo-
plegia is acute ataxic neuropathy. Somebelieve that
Miller Fisher syndrome is a variant of Guillain-
Barré syndrome; others believe that it is a form
of brainstem encephalitis. In support of the
hypothesis of a Guillain-Barré–like immune-
mediated hypothesis is the finding that Campylo-
bacter jejuni is a causative agent in both Miller
Fisher syndrome and Guillain-Barré syndrome
(Jacobs et al, 1995).

Clinical Features. A viral illness precedes the
neurological symptoms by 5 to 10 days in
50% of cases. Either ophthalmoparesis or
ataxia may be the initial feature. Both are pres-
ent early in the course. The initial ocular
motor disturbance is paralysis of upgaze, fol-
lowed by loss of lateral gaze and then loss of
downgaze. Recovery takes place in the reverse
order. Preservation of the Bell phenomenon
sometimes occurs despite paralysis of volun-
tary upward gaze, suggesting the possibility of
supranuclear palsy. Ptosis occurs but is less
severe than the vertical gaze palsy.

Decreased peripheral sensory input proba-
bly causes areflexia and more prominent limb
than trunk ataxia. Weakness of the limbs may
be noted. Unilateral or bilateral facial weak-
ness occurs in a significant minority of chil-
dren. Recovery generally begins within 2 to 4
weeks after symptoms become maximal and
is complete within 6 months.
Diagnosis. The clinical distinction between
Miller Fisher syndrome and brainstem encepha-
litis can be difficult. Disturbances of sensorium,
multiple cranial nerve palsies, an abnormal
EEG, or prolongation of the interpeak latencies
of the brainstem auditory evoked response
should suggest brainstemencephalitis. The cere-
brospinal fluid profile inMiller Fisher syndrome
parallels that of Guillain-Barré syndrome. A cel-
lular response occurs early in the course, and
protein increase occurs later.

Management. Corticosteroids, corticotropin, and
plasmapheresis are not beneficial. The out-
come in untreated children is excellent.

Multiple Sclerosis

Multiple sclerosis is usually a disease of young
adults, but 3% to 5% of cases occur in chil-
dren younger than 6 years of age (Ruggieri
et al, 1999). The childhood forms of multiple
sclerosis are similar to the adult forms. This
section could just as well appear in several
other chapters of the text. The advent of neu-
roimaging, especially MRI, has heightened
diagnostic accuracy (Tenembaum et al, 2007).

Clinical Features. The female-to-male ratio var-
ies from 1.5:3. Ataxia, concurrent with a febrile
episode, is the most common initial feature in
children, followed by encephalopathy, hemi-
paresis, or seizures. Intranuclear ophthalmo-
plegia, unilateral or bilateral, develops in one
third of patients (see Chapter 15).

The clinical features that occur in multiple
sclerosis are sufficiently variable that no single
prototype is valid. The essential feature is
repeated episodes of demyelination in non-
contiguous areas of the central nervous sys-
tem. Focal neurological deficits that develop
rapidly and persist for weeks or months char-
acterize an episode. Afterward the child has
partial or complete recovery. Months or years
separate recurrences, which are often concur-
rent with fever, but not with a specific febrile
illness. Lethargy, nausea, and vomiting some-
times accompany the attacks in children but
rarely in adults. The child is usually irritable
and shows truncal and limb ataxia. Tendon
reflexes are generally brisk throughout. The
long-term outcome is poor.

Diagnosis. Multiple sclerosis may be the sus-
pected diagnosis at the time of the first attack,
but definitive diagnosis requires recurrence to
establish a polyphasic course. Examination of
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the cerebrospinal fluid at the time of exacer-
bation reveals fewer than 25 lymphocytes/
mm3, a normal or slightly increased protein
content, and, sometimes, the presence of oli-
goclonal bands.

MRI is the technique of choice for the diag-
nosis of multiple sclerosis and shows occult dis-
ease in as many as 80% of affected individuals
at the time of first presentation (Fig. 10-1).
The finding of three or more white matter
lesions on a T2-weighted MRI scan, especially
if one of these lesions is in the periventricular
region, is a sensitive predictor of definite multi-
ple sclerosis (Frohman et al, 2003). However,
the extent and severity of lesions may not corre-
late with the clinical syndrome. After repeated
attacks, MRI reveals thalamic gray matter loss
(Mesarus et al, 2008).
Management. The treatment of multiple
sclerosis in children is similar to that in
adults, and the outcome is no more favor-
able. Acute exacerbations require a short
course of corticosteroids. After an initial
administration of methylprednisolone, 500
to 1000 mg, depending on the age, a taper-
ing dose schedule is used. Experience is lack-
ing in children with the drugs used to prevent
relapses in adults.
Figure 10-1 MRI in multiple sclerosis. Two areas
of increased signal intensity are present in the
cerebellum.
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Myoclonic Encephalopathy
and Neuroblastoma Syndrome

Myoclonic encephalopathy is a syndrome charac-
terized by chaotic eye movements (dancing eyes,
opsoclonus), myoclonic ataxia, and enceph-
alopathy. The pathophysiological mechanism
is an altered immune state. Initially, the syn-
drome was attributed to either the presence of
occult neuroblastoma or an unknown cause.
With improved imaging techniques, almost all
cases appear to be neuroblastoma related. A sin-
gle patient report associated the opsoclonus-
myoclonus syndrome with a benign ovarian tera-
toma (Fitzpatrick et al, 2008). Two percent to
3% of children with neuroblastoma develop a
myoclonic encephalopathy. A specific causal
antibody is not established, but a neuronal
surface antibody is suspected (Blaes et al, 2005).

Clinical Features. The mean age at onset is 18
months, with a range from 1 month to 4 years
(Russo et al, 1997). Unlike acute postinfec-
tious cerebellitis and Miller Fisher syndrome,
in which neurological symptoms are fully
expressed within 1 to 2 days, the evolution of
symptoms in myoclonic encephalopathy may
take a week or longer.

Either ataxia or chaotic eye movements may
bring the child to medical attention. Almost
half of affected children show personality
change or irritability, suggesting the presence
of a more diffuse encephalopathy. Some look
ataxic, but the imbalance is actually myoclonus,
constant rapid muscular contractions that have
an irregular occurrence and a widespread dis-
tribution (see Chapter 14). Opsoclonus is a dis-
order of ocular muscles that is similar to
myoclonus. Spontaneous, conjugate, irregular
jerking of the eyes in all directions is character-
istic. The movements are most prominent with
attempts to change fixation and are then asso-
ciated with blinking or eyelid flutter. Opsoclo-
nus persists even in sleep and becomes more
severe with agitation.

Diagnosis. The clinical features are the basis for
the diagnosis of myoclonic encephalopathy.
Laboratory investigation is required to deter-
mine the underlying cause. An occult neuro-
blastoma is the suspected cause in all children
with recurrent ataxia or myoclonic encephalop-
athy syndrome. Neuroblastoma is also the likely
cause when an acute ataxia progresses over sev-
eral days or waxes and wanes.

The occult neuroblastoma is equally likely to
be in the chest or the abdomen. In contrast, only
10% to 15% of neuroblastomas are in the chest



Figure 10-2 MRI demonstrates an apical neuro-
blastoma (arrow) in a child with normal radio-
graphs and normal computed tomography find-
ings of the chest.
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when myoclonic encephalopathy is absent. The
usual studies to detect neuroblastoma are MRI
of the chest and abdomen (Fig. 10-2) and mea-
surement of the urinary excretion of homovanil-
lic acid and vanillylmandelic acid.

Management. Long-term neurological outcome
does not depend on finding and removing the
tumor. Partial or complete remission of the
neurological symptoms may occur regardless of
whether neuroblastoma is present. In most chil-
dren, a prolonged course follows, with waxing
and waning of neurological dysfunction. Either
corticotropin or oral corticosteroids provide
partial or complete relief of symptoms in 80%
of patients. Marked improvement usually
occurs 1 to 4 weeks after initiation of therapy.
Relapses occur after discontinuing therapy,
but may also occur while treatment is in prog-
ress. On long-term follow-up, two thirds of
patients show mild neurological deficits,
and the remainder show little or no deficit
(Hayward et al, 2001).

Childhood Ataxia with Central Nervous
System Hypomyelination and Vanishing
White Matter

Characteristic of this disorder are recurrent
attacks of demyelination, similar to acute
disseminated encephalomyelitis. Some familial
cases suggest a genetic basis.

Clinical Features. Age at onset is from infancy
to early childhood (Naidu et al, 2005). Most
children are developmentally normal before
the first attack, but some show mild delay. Gait
disturbances are usually the initial feature, usu-
ally ataxia but sometimes dystonia or spasticity.
Repeated attacks cause neurological deteriora-
tion, and death occurs during childhood.

Diagnosis. At onset, this disorder is readily
confused with acute disseminated encephalop-
athy. However, cranial MRI, which shows a
patchy leukoencephalopathy with cavitation
in affected areas, is not a feature of acute
disseminated encephalopathy. With time, the
cavities coalesce to form large white matter
cysts that spare gray matter until late in the
course. Chemical abnormalities such as increased
lactate in the brain, blood, and cerebrospinal
fluid are inconsistent.

Management. Management is symptomatic. Cor-
ticosteroids have no value.
Pseudoataxia (Epileptic Ataxia)

Clinical Features. Ataxia and other gait distur-
bances can be the only clinical features of sei-
zure activity. Both limb and gait ataxia may be
present, and the child’s epilepsy may be undi-
agnosed. If the child is already taking antiepi-
leptic drugs, a toxic drug effect is often the
initial diagnosis. During the ataxic episode,
the child may appear inattentive or confused.
Like other seizure manifestations, ataxia is
sudden in onset and episodic.

Diagnosis. The absence of nystagmus suggests
that ataxia is a seizure manifestation and not
caused by drug toxicity. The usual EEG find-
ings consistent with ataxia are prolonged,
generalized 2- to 3-Hz spike-wave complexes
that have a frontal predominance. This is the
typical EEG finding in Lennox-Gastaut syn-
drome (see Chapter 1). Such discharges are
ordinarily associated with myoclonic jerks or
akinetic seizures. Either one occurring briefly,
but repeatedly, could interrupt smooth move-
ment and produce ataxia.

Management. Pseudoataxia usually responds to
anticonvulsant drugs. Select drugs with effi-
cacy for slow spike-wave discharges (see Chap-
ter 1).
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Trauma

Mild head injuries are common in children
and are an almost daily occurrence in tod-
dlers. Recovery is always complete despite
considerable parental concern. More serious
head injuries, associated with loss of con-
sciousness, seizures, and cerebral contusion,
are less common but still account for several
thousand deaths in children annually. Ataxia
may follow even mild head injuries. In most
cases, ataxia is part of the so-called postcon-
cussion syndrome, in which imaging studies
do not show any structural derangement of
the nervous system. In others, a cerebellar
contusion or posterior fossa hematoma may
be present (see Chapter 2). Ataxia may also
occur after cervical injuries, especially during
sports. Trauma to the vertebrobasilar artery is
causal.

Postconcussion Syndrome

Clinical Features. Many adults report head-
ache, dizziness, and mental changes after even
a mild head injury. Some of these symptoms
also occur after head injury in children and
probably represent a transitory derangement
of cerebral function caused by the trauma.
Even mild head trauma can cause a cerebral
axonopathy, which may explain the persis-
tence of symptoms.

In infants and small children, the most
prominent postconcussive symptom is ataxia.
This is not necessarily a typical cerebellar
ataxia but may be only an unsteady gait. No
limb dysmetria is present, and other neurolog-
ical functions are normal.

In older children with postconcussive syn-
dromes, headache and dizziness are as com-
mon as ataxia. The headache is usually low
grade and constant and is an analgesic-
rebound headache (see Chapter 3). Gait is less
disturbed, possibly because an older child
compensates better for dizziness, but still the
sensation of unsteadiness is present.

Diagnosis. The clinical syndrome is the basis
for diagnosis. Cranial computed tomography
scan at the time of injury to exclude intracra-
nial hemorrhage is normal, but MRI may show
foci of high signal intensity on T2-weighted
images, indicating axonal injury.

Management. Ataxia usually clears completely
within 1 month and always within 6 months.
Decreased activity during the time of ataxia is
the only treatment needed.
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Vascular Disorders

Cerebellar Hemorrhage

Spontaneous cerebellar hemorrhage in chil-
dren, in the absence of a coagulopathy, is due
to arteriovenous malformation, even though
less than 10% of intracranial arteriovenous
malformations in children are in the cerebel-
lum. The two major features of cerebellar hem-
orrhage are ataxia and headache.

Kawasaki Disease

Kawasaki disease is a systemic vasculitis that
occurs predominantly in infants and children.

Clinical Features. Five of the following six criteria
are required for diagnosis: fever, conjunctival
congestion, reddening of the oropharynx and
lips, indurative edema of the limbs, polymorphic
exanthems, and lymphadenopathy. Arthralgia,
carditis, and asepticmeningitismay be associated
features. Kawasaki disease is identical to child-
hood polyarteritis nodosa.

Multiple infarcts may occur in the brain.
Acute ataxia, facial palsy, ocular motor palsies,
and hemiplegia may occur. The neurological
and coronary artery complications make Kawa-
saki a serious illness with guarded prognosis.

Diagnosis. The clinical features of multisystem
disease are essential for diagnosis. Abnormal
laboratory findings include an increased sedi-
mentation rate, a positive test for C-reactive
protein, and increased serum complement
and globulin levels. Skin biopsy specimen
shows the typical histopathological changes of
arteritis.

Management. Intravenous high-dose g-globulin
is an effective treatment.

Vertebrobasilar Occlusion

Trauma to the vertebrobasilar arteries may
occur with chiropractic manipulation and
sports injuries. Bony canals encase the verte-
bral arteries from C2 to the foramen magnum.
Sudden stretching of the arteries by hyperex-
tension or hyperflexion of the neck causes
endothelial injury and thrombosis.

Clinical Features. The onset of symptoms is
within minutes or hours of injury. Vertigo, nau-
sea, and vomiting are the initial symptoms of
brainstem ischemia. Occipital headache may be
present as well. Ataxia is due to incoordination
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of the limbs on one side. It may be maximal at
onset or progress over several days. Examination
shows some combination of unilateral brainstem
disturbances (diplopia, facial weakness) and ipsi-
lateral cerebellar dysfunction.

Diagnosis. Computed tomography or MRI in-
dicates a unilateral infarction in the cerebellar
hemisphere. Infarction of the lateral medulla
may occur as well. Arteriography localizes the
arterial thrombosis.

Management. Many children have a complete
recovery in the months after injury. The value
of anticoagulation is not established.
CHRONIC OR PROGRESSIVE
ATAXIA

Brain tumor is always an initial concern when
progressive ataxia develops in previously nor-
mal children, especially if headache is present
as well (see Table 10-2). Congenital abnormal-
ities that cause ataxia are often associated with
some degree of mental deficiency. The onset
of symptoms may occur during infancy or be
delayed until adult life. Friedreich ataxia is
the most common hereditary form of progres-
sive ataxia. The causes of chronic or progres-
sive ataxia are usually easy to diagnose, and
many are treatable. Failure to establish a diag-
nosis can have unfortunate consequences for
the child.
Brain Tumors

Approximately 85% of primary brain tumors
in children 2 to 12 years of age are located in
the posterior fossa. Supratentorial tumors pre-
dominate in children younger than 2 years
and older than 12 years. Seventy percent of
primary brain tumors are gliomas, and only
5% of central nervous system tumors arise
in the spinal cord. Neuroectodermal tumors
are the second most common malignancy of
childhood and the most common solid
tumors. The four major tumors of the poste-
rior fossa are cerebellar astrocytoma, brain-
stem glioma, ependymoma, and primitive
neuroectodermal tumor (medulloblastoma).
The initial feature of brainstem glioma is cra-
nial nerve dysfunction and not ataxia (see
Chapter 15). Although this discussion is lim-
ited to tumors of the posterior fossa, it is
important to remember that supratentorial
brain tumors may also cause ataxia. Approxi-
mately one fourth of children with supraten-
torial brain tumors have gait disturbances at
the time of their first hospitalization, and
many show signs of cerebellar dysfunction.
Gait disturbances occur with equal frequency
whether supratentorial tumors are in the mid-
line or the hemispheres, whereas cerebellar
signs are more common with midline tumors.

Cerebellar Astrocytoma

Cerebellar astrocytomas constitute 12% of
brain tumors in children. The tumor usually
grows slowly in the cerebellar hemisphere
and consists of a large cyst with a mural nod-
ule. It may be in the hemisphere, the vermis,
or both the hemisphere and vermis or may
occupy the fourth ventricle. Midline tumors
are likely to be solid.

Clinical Features. Occurrence is equal in both
genders. The peak incidence is at 5 to 9 years
of age but may be as early as infancy. Head-
ache is the most common initial symptom in
school-age children, whereas unsteadiness of
gait and vomiting are the initial symptoms
in preschool children. Headache can be
insidious and intermittent; typical morning
headache and vomiting are rare. The first
symptoms of headache and nausea are non-
specific and often attributed to a flulike ill-
ness. Only when symptoms persist is the
possibility of increased intracranial pressure
considered. In infants and small children,
separation of cranial sutures often relieves
the symptoms of increased intracranial pres-
sure. For this reason, gait disturbances with-
out headache or vomiting are the common
initial sign of cerebellar astrocytoma in
infants.

Papilledema is present in most affected
children at initial examination but is often
absent in infants with separation of cranial
sutures. Ataxia is present in three fourths,
dysmetria in one half, and nystagmus in only
one fourth. Ataxia varies in severity from a
wide-based, lurching gait to a subtle alter-
ation of gait observed only with tandem walk-
ing or quick turning. Its cause is partly the
cerebellar location of the tumor and partly
hydrocephalus. When the tumor is in the
cerebellar hemisphere, ipsilateral or bilat-
eral dysmetria may be present. Other neuro-
logical signs sometimes present in children
with cerebellar astrocytoma are abducens
palsy, multiple cranial nerve palsies, stiff
neck, and head tilt.
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Diagnosis. MRI is the best imaging study for
diagnosis.

Management. Children with life-threatening
hydrocephalus should undergo shunt place-
ment as the first step in treatment. The shunt
relieves many of the symptoms and signs,
including ataxia. Corticosteroids are sufficient
to relieve pressure in many children with less
severe hydrocephalus.

The 5-year survival rate after surgical
removal approaches 95%. The mural nodule
must be located and removed at surgery or
the tumor may recur. The amount of tumor
resected is difficult to determine at the time
of resection, and postoperative imaging
studies improve on the surgeon’s estimate.
The need for adjuvant radiotherapy is not
established.

The total removal of deeper tumors that
involve the floor of the fourth ventricle is rare.
Local recurrence is common after partial
resection. Repeat surgery may be curative in
some cases, but postoperative radiation ther-
apy appears to offer a better prognosis after
partial resection. The overall disease-free sur-
vival rates after either surgery alone or surgery
and radiotherapy are 92% at 5 years and 88%
at 25 years. Low-grade cerebellar astrocytomas
never require chemotherapy, regardless of the
degree of surgical resection.

High-grade cerebellar astrocytoma (glio-
blastoma) is rare in children. More than 30%
of pediatric patients have dissemination of
tumor through the neuraxis (spinal cord drop
metastases). Examination of the cerebrospinal
fluid for cytological features and complete
myelography always follow surgical resection
in patients with glioblastoma. An abnormal
result in either indicates the need for whole-
axis radiation therapy.

Cerebellar Hemangioblastoma
(von Hippel-Lindau Disease)

von Hippel-Lindau (VHL) disease is a multisys-
temdisorder transmitted by autosomal dominant
inheritance (Schimke et al, 2002). The most
prominent features are hemangioblastomas of
the cerebellum and retina and pancreatic cysts.
All children with cerebellar hemangioblastomas
have VHL disease. Among adults, 60% have
isolated tumors and do not have the genetic
defect. The expression of VHL disease is variable,
even within the same kindred. The most com-
mon features are cerebellar and retinal heman-
gioblastoma (59%), renal carcinoma (28%),
and pheochromocytoma (7%).
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Clinical Features. Mean age at onset of cerebel-
lar hemangioblastoma in VHL disease is 32
years; onset before 15 is unusual. The initial
features are headache and ataxia. Retinal
hemangioblastomas occur at a younger age
and may cause visual impairment from hemor-
rhage as early as the first decade. They may be
multiple and bilateral and appear on ophthal-
moscopic examination as a dilated artery lead-
ing from the disk to a peripheral tumor with
an engorged vein. Spinal hemangioblastomas
are intramedullary in location and lead to
syringomyelia. Pheochromocytomas occur in
7% to 19% of patients and may be the only
clinical manifestation.

Diagnosis. Suspect the diagnosis in individuals
with any of the following:more than one heman-
gioblastoma of the central nervous system, an
isolated hemangioblastoma associated with a vis-
ceral cyst or renal carcinoma, or any knownman-
ifestation with a family history of the disease.
Molecular genetics testing of the VHL gene
detects mutations in nearly 100% of patients.
The gene for VHL disease is a tumor-suppressor
gene that maps to chromosome 3p25. Clinical
testing allows the identification of asymptomatic
affected family members who need annual
examinations to look for treatable abnormal-
ities. Such examinations should include indirect
ophthalmoscopy and renal ultrasonography as
well as gadolinium-enhanced MRI of the brain
every 3 years.

Management. Cryotherapy or photocoagulation
of smaller retinal lesions can lead to complete
tumor regression without visual loss. The treat-
ment of cerebellar hemangioblastoma is sur-
gery, and total extirpation is the rule.

Ependymoma

The derivation of posterior fossa ependymoma
is the cells that line the roof and floor of the
fourth ventricle. These tumors can extend into
both lateral recesses and grow out to the cere-
bellopontine angle. They account for 10% of
primary brain tumors in children.

Clinical Features. Eight percent of all child-
hood brain tumors are ependymomas. The
peak incidence in children is from birth to
4 years. The incidence in both genders is equal.
The clinical features evolve slowly and are often
present for several months before initial con-
sultation. Symptoms of increased intracranial
pressure are the first feature in 90% of chil-
dren. Disturbances of gait and coordination,
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neck pain, or cranial nerve dysfunction are the
initial features in the remainder. One half of
affected children have ataxia, usually of the ver-
mal type, and one third have nystagmus. Head
tilt or neck stiffness is present in one third of
children and indicates extension of tumor into
the cervical canal.

Although steady deterioration is expected,
some children have an intermittent course.
Episodes of headache and vomiting, ataxia,
and even nuchal rigidity last for days or weeks
and then are followed by periods of well-being.
The cause of the intermittent symptoms is
transitory obstruction of the fourth ventricle
or aqueduct by the tumor acting in a ball-valve
fashion.

Diagnosis. Only two grades of ependymoma
are recognized: classic (benign) and anaplastic
(malignant). Because ependymomas typically
arise in the ependymal linings of ventricles,
tumors may spread through the entire neur-
axis. A typical MRI appearance of a fourth ven-
tricular ependymoma is a homogeneously
enhancing solid mass that extends out of the
foramina of Luschka or Magendie with asso-
ciated obstructive hydrocephalus. Marked dila-
tion of the ventricular system is usual. Evalu-
ation includes contrast-enhanced MRI of the
brain and entire spinal cord as well as cytolog-
ical evaluation of the cerebrospinal fluid.

Management. The single most important fac-
tor determining prognosis is the degree of
resection (Perilongo et al, 1998). The goals
of surgery are to relieve hydrocephalus and
remove as much tumor as possible without
damaging the fourth ventricle. Irradiation of
the posterior fossa usually follows surgery,
but not neuraxis radiation, unless the diagno-
sis of leptomeningeal spread is established.
Poor prognostic features include age younger
than 2 to 5 years at diagnosis, brainstem inva-
sion, and a radiation dose less than 4500 cGy
(Paulino et al, 2002).

Medulloblastoma

Medulloblastoma is a primitive neuroecto-
dermal tumor of the posterior fossa with
the capacity to differentiate into neuronal
and glial tissue. Most tumors are in the
vermis or fourth ventricle, with or without
extension to the cerebellar hemispheres.
Approximately 10% are found in the hemi-
sphere alone. Medulloblastomas represent
approximately 85% of intracranial primitive
neuroectodermal tumors and 15% of all pedi-
atric brain tumors. Data from the National
Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results Registry indicate an
increasing incidence of medulloblastoma
(McNeil et al, 2003).
Clinical Features. Ninety percent of cases have
their onset during the first decade and the
remainder during the second decade. Medul-
loblastoma is the most common primary brain
tumor with onset during infancy.

The tumor grows rapidly, and the interval
between onset of symptoms and medical
consultation is generally brief, 2 weeks in
25% of cases and less than a month in 50%.
Vomiting is an initial symptom in 58% of
children, headache in 40%, an unsteady gait
in 20%, and torticollis or stiff neck in 10%.
The probable cause of prominent vomiting,
with or without headache, as an early symp-
tom is tumor irritation of the floor of the
fourth ventricle. Gait disturbances, charac-
terized by refusal to stand or walk, are more
common than ataxia in young children.

Two thirds of children have papilledema at
the time of initial examination. Truncal ataxia
and limb ataxia are equally common, and both
may be present. Only 22% of children have
nystagmus. Tendon reflexes are hyperactive
when hydrocephalus is present and hypoactive
when the tumor is causing primarily cerebellar
dysfunction.
Diagnosis. Computed tomography or MRI eas-
ily identifies medulloblastoma (Fig. 10-3). The
tumors are vascular and become enhanced
when contrast medium is used.
Management. The combined use of surgical
extirpation, radiation therapy, and chemo-
therapy greatly improves the prognosis for
children with medulloblastoma. The role of
surgery is to provide histological identification,
debulk the tumor, and relieve obstruction
of the fourth ventricle. Ventriculoperitoneal
shunting decreases intracranial pressure even
before decompressive resection. Treatment of
children younger than 3 years of age at diag-
nosis is with chemotherapy alone or chemo-
therapy with field radiotherapy.

The overall 5-year survival rate is approxi-
mately 40%. Survival is better (60%–70%) in
children who have gross total tumor resection
compared with partial resection or biopsy.
Craniospinal radiation increases survival better
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Figure 10-3 MRI of medulloblastoma. The tumor
appears as an enhancing mass in the vermis of
the cerebellum.
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than local field radiation. The use of adjuvant
chemotherapy significantly improves survival.
Most initial recurrences occur at the primary
site. One histological variant, anaplastic large
cell medulloblastoma, carries a poorer prog-
nosis because of a higher risk of early meta-
static involvement and recurrence (Eberhart
et al, 2002). The presence of dissemination is
the single most important factor that corre-
lates with outcome (Helton et al, 2002).
Figure 10-4 Aplasia of the cerebellum associated
with thinning of the corpus callosum.
Congenital Malformations

Basilar Impression

Basilar impression is a disorder of the cranio-
vertebral junction. Posterior displacement of
the odontoid process compresses the spinal
cord or brainstem.

Clinical Features. The first symptoms are often
head tilt, neck stiffness, and headache. Minor
trauma to the head or neck frequently precipi-
tates the onset of symptoms. Examination
shows ataxia, nystagmus, and hyperreflexia.

Diagnosis. MRI is the best method to visualize
both the cervicomedullary junction and an as-
sociated Chiari malformation or syringobulbia.
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Management. Surgical decompression of the
foramen magnum usually relieves symptoms.

Cerebellar Malformations

CONGENITAL HEMISPHERE HYPOPLASIA

Congenital hypoplasia of the cerebellum can
be unilateral or bilateral. More than half of
patients with bilateral disease have an identifi-
able genetic disorder transmitted by autosomal
recessive inheritance. The common histological
feature is the absence of granular cells, with rel-
ative preservation of Purkinje cells. Unilateral
cerebellar hypoplasia is not associated with
genetic disorders. In some hereditary forms,
granular cell degeneration may continue post-
natally and cause progressive cerebellar dys-
function during infancy.

Clinical Features. Developmental delay and
hypotonia are the first features suggesting a
cerebral abnormality in the infant. Titubation
of the head is a constant feature, and some
combination of ataxia, dysmetria, and inten-
tion tremor is noted. A jerky, coarse nystagmus
is usually present. Tendon reflexes may be
increased or diminished. Those with hyperac-
tive reflexes probably have congenital abnor-
malities of the corticospinal tract in addition
to cerebellar hypoplasia. Seizures occur in
some hereditary and some sporadic cases.
Other neurological signs and symptoms may
be present, depending on associated malfor-
mations. Mental retardation is a constant fea-
ture, but varies from mild to severe.

Diagnosis. MRI is diagnostic (Fig. 10-4). It shows
not only the extent of cerebellar hypoplasia but
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also associated anomalies. The folial pattern of
the cerebellum is prominent, and there is com-
pensatory enlargement of the fourth ventricle,
cisterna magna, and vallecula.

Management. No treatment is available.

VERMAL APLASIA

Aplasia of the vermis is relatively common and
often associated with other midline cerebral
malformations. All or part of the vermis may
be missing, and when the vermis is incom-
plete, the caudal portion is usually lacking.
Dominantly inherited aplasia of the anterior
vermis is a rare condition.

Clinical Features. Partial agenesis of the cere-
bellar vermis may be asymptomatic. Symptoms
are nonprogressive and vary from only mild
gait ataxia and upbeating nystagmus to severe
ataxia.

Complete agenesis causes titubation of the
head and truncal ataxia. Vermal agenesis
is frequently associated with other cerebral
malformations, producing a constellation of
symptoms and signs referable to neurological
dysfunction. Two such examples are Joubert
syndrome and the Dandy-Walker malformation
(see Chapter 18).

Joubert syndrome consists of four recessively
inherited syndromes characterized by a charac-
teristic facies, oculomotor apraxia, and hyper-
pnea intermixed with central apnea in the
neonatal period (Valente et al, 2005). One of
the phenotypes includes malformations in sev-
eral viscera. Cerebellar vermal agenesis is a con-
stant feature of Joubert syndrome, but several
other cerebral malformations are usually pres-
ent as well. All patients are mentally retarded,
and some are microcephalic. Several affected
children have died unexpectedly, possibly from
respiratory failure.

Diagnosis. MRI shows agenesis of the vermis of
the cerebellum with enlargement of the cis-
terna magna. Other cerebral malformations,
such as agenesis of the corpus callosum, are
also associated.

Management. No treatment is available.

X-LINKED CEREBELLAR HYPOPLASIA

Some families with cerebellar hemispheric
and vermal hypoplasia have a genetic defect
that maps to the short arm of the X chromo-
some (Bertorini et al, 2000).
Clinical Features. Hypotonia, mild dysphagia,
and delayed motor development are present
from birth. By the age of 4 years, action tremor
of the upper limbs and slow eye movements are
noted. In adult life, neurological symptoms
include moderate dysarthria, unsteady gait with
truncal and locomotor ataxia, intention tremor,
and limitation of vertical gaze with slow conju-
gate eyemovements. Male familymembers show
delayed developmental milestones and also
show some combination of nonprogressive
ataxia, dysarthria, and external ophthalmople-
gia. Intelligence is normal.

Diagnosis. Brain MRI shows severe global atro-
phy of the cerebellar vermis and hemispheres.

Management. Treatment is supportive.
Chiari Malformations

Type I Chiari malformation is a displacement of
the cerebellar tonsils and posterior vermis of the
cerebellum through the foramen magnum,
compressing the spinomedullary junction.
Type II Chiari malformation has an additional
downward displacement of a dysplastic lower
medulla and a lumbosacral meningomyelocele
(see Chapter 12). Amolecular genetics hypothe-
sis of ectopic expression of a segmentation gene
in the rhombomeres explains the several cere-
bellar and brainstem anomalies as well as the
defective basioccipital and supraoccipital bone
formation (Sarnat et al, 2002).

Clinical Features. The widespread use of MRI
has shown that Chiari I malformations are often
an incidental finding on neuroimaging studies
in children with migraine. When the patient is
symptomatic, the onset is frequently during ado-
lescence or adult life. Major clinical features are
headache, head tilt, pain in the neck and
shoulders, ataxia, and lower cranial nervedysfunc-
tion. Physical signs vary among patients and may
include weakness of the arms, hyperactive tendon
reflexes in the legs, nystagmus, and ataxia.

Diagnosis. MRI provides the best visualization
of posterior fossa structures. The distortion
of the cerebellum and the hindbrain is pre-
cisely identified (Fig. 10-5).

Management. Surgical decompression of the
foramen magnum to at least the C3 vertebra
is the recommended treatment. Significant
improvement occurs in more than half of
patients.
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Figure 10-5 Chiari malformation. MRI shows dis-
placement of the cerebellar tonsils (arrow) into the
foramen magnum.
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Progressive Hereditary Ataxias

Autosomal Dominant Inheritance

SPINOCEREBELLAR DEGENERATIONS

A genotypic classification of the dominantly
inherited ataxias has replaced the phenotypic
classification that included Marie ataxia, olivo-
pontocerebellar atrophy, and spinocerebellar atrophies
Table 10-3 Autosomal Dominant Cerebellar Atax

Disease Average Onset (Range in Years) Clinic

SCA1 4th decade (<10 to >60) Pyram
SCA2 3rd–4th decades (<10 to >60) Slow s

dec
SCA3 4th decade (10–70) Pyram

dec
sens

SCA4 4th–5th decades (19–59) Senso
SCA5 3rd–4th decades (10–68) Early o
SCA7 3rd–4th decades (0.5–60) Visual
SCA12 3rd decade (8–55) Early t
DRPLA Rare (US) (8–20) Early o

dem20% ( Japan) (40–60s)

DRPLA, dentatorubral-pallidoluysian atrophy; DTRs, deep te
ataxia.

Adapted from Bird TD: Ataxia overview. In GeneClinics: M
University of Washington, 2004. Available at: http://www.genec
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(Bird, 2008). Table 10-3 lists the progressive
autosomal dominant ataxias with onset in child-
hood. The genetic abnormality is usually a tri-
nucleotide repeat. The original description of
spinocerebellar ataxia type 3 was in Portuguese
families from the Azores and named Machado-
Joseph disease.

Clinical Features. The clinical features overlap,
and genetic testing is the best method for diag-
nosis. Table 10-3 indicates a few distinguish-
ing clinical features.

Diagnosis. DNA-based genetics tests are avail-
able for the diagnosis of spinocerebellar
ataxia types 1, 2, 3, 6, and 7 and dentarubral-
pallidoluysian atrophy.

Management. Treatment is symptomatic and,
depending on the disease, may include anticon-
vulsants, muscle relaxants, and assistive devices.

HYPOBETALIPOPROTEINEMIA

Clinical Features. Several different disorders
are associated with hypocholesterolemia and
decreased, but not absent, concentrations of
apolipoprotein B and apolipoprotein A. Some
patients with this lipid profile have no neuro-
logical symptoms; others have severe ataxia
beginning in infancy. Malabsorption does not
occur, but the infant fails to thrive and has
progressive fatty cirrhosis of the liver. Severe
hypotonia and absence of tendon reflexes are
present in the first months.

Diagnosis. The diagnosis is a consideration in
children with unexplained progressive ataxia.
ias: Clinical Characteristics

al Features (All Include Ataxia)

idal signs, peripheral neuropathy
accadic eye movement, peripheral neuropathy,
reased DTRs, dementia
idal and extrapyramidal signs; lid retraction, nystagmus,
reased saccade velocity; amyotrophic fasciculations,
ory loss
ry axonal neuropathy
nset, slow course
loss with retinopathy
remor, late dementia
nset correlates with shorter duration; chorea, seizures,
entia, myoclonus

ndon reflexes; EA, episodic ataxia; SCA, spinocerebellar

edical Genetics Knowledge Base [online database]. Seattle,
linics.org.

http://www.geneclinics.org.
http://www.geneclinics.org.
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The total serum lipid content is normal, but
the concentration of triglycerides is increased.
Decreased concentrations of total high- and
low-density lipoprotein cholesterol and apoli-
poproteins are characteristic.

Management. Administering 1000 to 10,000 mg/
day of DL-a-tocopherol prevents many of the
complications of hypobetalipoproteinemia.Vita-
mins A and K supplements are also required.

Autosomal Recessive Inheritance

Ataxia is a feature of many degenerative disor-
ders but is a presenting or cardinal feature in
the disorders discussed in this section.

ABETALIPOPROTEINEMIA

Molecular defect(s) in the gene for the micro-
somal triglyceride transfer protein at chromo-
some 4q22-q24 causes abetalipoproteinemia.
Transmission is by autosomal recessive in-
heritance. Other terms for the disorder are
acanthocytosis and Bassen-Kornzweig syndrome.
Microsomal triglyceride transfer protein cata-
lyzes the transport of triglyceride, cholesteryl
ester, and phospholipid from phospholipid
surfaces. The results are fat malabsorption
and a progressive deficiency of vitamins A, E,
and K.

Clinical Features. Fat malabsorption is present
from birth, and most newborns come to medi-
cal attention because of failure to thrive,
vomiting, and large volumes of loose stool.
A correct diagnosis is possible at that time.

Delayed psychomotor development occurs
during infancy. A cerebellar ataxia develops
in one third of children during the first decade
and in almost every child by the end of the sec-
ond decade. Tendon reflexes are usually lost
by 5 years of age. Progressive gait disturbances,
dysmetria, and difficulty performing rapid
alternating movements characterize the limb
ataxia, which progresses until the third decade
and then stabilizes. Proprioceptive sensation in
the hands and feet is lost, whereas pinprick
and temperature sensations are less severely
affected. Sensory loss results from demyelin-
ation in the posterior columns of the spinal
cord and the peripheral nerves.

Retinitis pigmentosa is an almost constant
feature. The age at onset varies, but is usually
during the first decade. The initial symptom is
night blindness. Nystagmus is common, and
its cause may be either the cerebellar distur-
bance or the loss of central vision.
Diagnosis. Severe anemia, with hemoglobin
levels less than 8 g/dL (5 mmol/L), is com-
mon in young children but not in adults.
The anemia, which may result from malab-
sorption, corrects with parenteral supplemen-
tation of iron or folate. Plasma cholesterol
levels are less than 100 mg/dL (2.5 mmol/L),
and triglyceride levels are less than 30 mg/dL
(0.3 mmol/L). The absence of apolipoprotein
B in plasma confirms the diagnosis. Measure
the parents’ and the child’s plasma apolipo-
protein B concentrations. In abetalipoprotei-
nemia, the heterozygote is normal; if partial
deficiency of apolipoprotein B is present, the
diagnosis of familial hypobetalipoproteinemia
is more likely.
Management. Chronic vitamin E deficiency is
the cause of the neurological complications of
abetalipoproteinemia. Dietary fat restriction and
large oral doses of vitamin E (100 mg/kg/day)
prevent the onset of symptoms or arrest their
progression.
ATAXIA-TELANGIECTASIA

Ataxia-telangiectasia primarily affects the ner-
vous and immune systems (Gatti, 2005). The
gene associated with ataxia-telangiectasia is a
large gene located at chromosome 11q22-23,
and more than 100 mutations have been
discovered. The gene product is involved in
cell-cycle progression and the checkpoint
response to DNA damage. Transmission is by
autosomal recessive inheritance.
Clinical Features. The principal feature is a
progressive truncal ataxia that begins during
the first year. In infants, choreoathetosis devel-
ops instead of, or in addition to, ataxia. The
ataxia begins as clumsiness and progresses so
slowly that cerebral palsy is often the errone-
ous diagnosis. Oculomotor apraxia is present
in 90% of patients, but may be mild at first
and overlooked (see Chapter 15). Many chil-
dren have a dull or expressionless face. Intel-
lectual development is normal at first, but
often lags with time. One third of children
ultimately function in the mildly retarded
range.

Telangiectasia usually develops after 2 years
of age and sometimes as late as age 10. It first
appears on the bulbar conjunctivae, giving the
eyes a bloodshot appearance. Similar telangiec-
tasia appears on the upper half of the ears, on
the flexor surfaces of the limbs, and in a
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butterfly distribution on the face. Sun exposure
or irritation exacerbates the telangiectasia.

Recurrent sinopulmonary infection is one
of the more serious features of the disease
and reflects an underlying immunodeficiency.
The synthesis of antibodies and certain immu-
noglobulin subclasses is disturbed because of
disorders of B-cell and helper T-cell function.
Serum and salivary IgA is absent in 70% to
80% of children, and IgE is absent or decreased
in 80% to 90%. The IgM concentration may
be increased in compensation for the IgA defi-
ciency. The thymus has an embryonic appear-
ance, and the a-fetoprotein concentration is
increased in most patients.

Taken together, the many features of this
disease suggest a generalized disorder of tissue
differentiation and cellular repair. The result
is a malignancy risk of 38%. Most malignancies
are lymphoma and lymphocytic leukemia. Two
thirds of patients are dead by 20 years of age.
Infection is the most common cause of death,
and neoplasia is second.

Diagnosis. Suspect the diagnosis in infants with
some combination of ataxia, chronic sinopul-
monary infections, and oculomotor apraxia.
As the child gets older, the addition of telangi-
ectasia to the other clinical features makes
the diagnosis a certainty. Complete studies of
immunocompetence are required. Ninety per-
cent of patients with ataxia-telangiectasia
have an increased a-fetoprotein concentration,
and approximately 80% have decreased serum
IgA, IgE, or IgG. Especially characteristic is a
selective deficiency of the IgG2 subclass. Molec-
ular genetics testing is available in children with
a compatible clinical syndrome and normal
serum concentrations of a-fetoprotein and
immunoglobulin.

The acanthocyte is an abnormal erythrocyte
characterized by thorny projections from the
cell surface that prevent normal rouleau for-
mation and cause a very low erythrocyte sedi-
mentation rate. Between 50% and 70% of
peripheral erythrocytes undergo transforma-
tion to acanthocytes. Acanthocytes also occur
in association with other neurological disor-
ders in which lipoproteins are normal (see
the discussions of McLeod syndrome and
neuroacanthocytosis).

Management. Treat all infections vigorously.
Intravenous antibiotics are sometimes required
for what would otherwise be trivial sinusitis in a
normal child. Patients with ataxia-telangiectasia
are exquisitely sensitive to radiation, which
produces cellular and chromosomal damage.
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Radiation may be a precipitant in the devel-
opment of neoplasia. Therefore, despite the
frequency of sinopulmonary infections, mini-
mize radiological studies.

ATAXIA WITH OCULOMOTOR APRAXIA
TYPE 1

This disorder may be mistaken for ataxia-
telangiectasia, but it is a different genetic dis-
order (Coutinho et al, 2006).

Clinical Features. Development is normal dur-
ing the first year, but a slowly progressive ataxia
develops during childhood. The onset of pro-
gressive gait imbalance is usually 7 years, but
ranges from 2 to 16 years. Dysarthria, dysmetria,
and mild intention tremor follow. Oculomotor
apraxia is a late feature and progresses to ex-
ternal ophthalmoplegia. A severe, progressive
neuropathy results in generalized areflexia, quad-
riplegia, and atrophy of the hands and feet.
Chorea and arm dystonia are common. Intellect
is normal in some and impaired in others.

Diagnosis. Molecular genetics testing is clini-
cally available.

Management. Treatment is supportive.

ATAXIA WITH OCULOMOTOR APRAXIA
TYPE 2

This disorder may be mistaken for ataxia-telan-
giectasia, but it is a different genetic disorder
(Moreira and Koenig, 2007).

Clinical Features. The onset of symptoms is
between ages 3 and 30 years. The features
include ataxia caused by cerebellar atrophy,
an axonal sensorimotor neuropathy, and ocu-
lomotor apraxia.

Diagnosis. The serum concentration of a-feto-
protein is increased. Molecular genetics test-
ing is clinically available.

Management. Treatment is supportive.

FRIEDREICH ATAXIA

Friedreich ataxia is the most common reces-
sively inherited ataxia. The cause is an unstable
triplet repeat of the frataxin gene on chromo-
some 9q13 (Bidichandani et al, 2006). The size
at which the expansion causes disease is not
established.

Clinical Features. The onset is usually between
2 and 16 years of age, but symptoms may begin
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later. The initial feature is ataxia or clumsiness
of gait in 95% of cases and scoliosis in 5%.
The ataxia is slowly progressive and associated
with dysarthria, depressed tendon reflexes,
extensor plantar responses, foreshortening of
the foot creating a high arch, and loss of posi-
tion and vibration senses. Two thirds of patients
have a hypertrophic cardiomyopathy, and 10%
have diabetes mellitus. An atypical presenta-
tion occurs in 25%. These atypical syndromes
include any of the following features: onset
after age 25 years, present tendon reflexes,
and spastic paraparesis without ataxia.
Diagnosis. The clinical features suggest the diag-
nosis, and molecular genetics testing provides
confirmation.Motor nerve conduction velocities
in the arms and legs are slightly slower than nor-
mal. In contrast, sensory action potentials are
absent or markedly decreased in amplitude. Spi-
nal somatosensory evoked responses are usually
absent. Common changes on the electrocardio-
gram are decreased amplitude of T waves and
left or right ventricular hypertrophy. Arrhyth-
mias and conduction defects are uncommon.
Management. The underlying disturbance is
not curable, but symptomatic treatment is
available. Surgical stabilization prevents severe
scoliosis. Regular electrocardiograms and
chest radiographs to determine heart size are
useful to monitor the development of cardio-
myopathy. Chest pain on exertion responds
to propranolol, and congestive heart failure
responds to digitalis. Patients with diabetes
require insulin treatment.
JUVENILE GM2 GANGLIOSIDOSIS

The transmission of all juvenile forms of both
a- and b-hexosaminidase A deficiency are by
autosomal recessive inheritance. Some, like
Tay-Sachs disease, are restricted to Ashkenazi
Jews, whereas others occur in individuals of
non-Jewish descent (see Chapter 5). In all
these conditions, GM2 gangliosides are stored
in the central nervous system.
Clinical Features. A progressive ataxic syn-
drome occurs in patients with late-onset hex-
osaminidase A deficiency. Age at onset is
usually before 15 years. Family members may
believe that affected children are only clumsy
before neurological deterioration becomes
evident. Intention tremor, dysarthria, and
limb and gait ataxia are prominent.
Diagnosis. Any child with apparent spinocere-
bellar degeneration may have juvenile GM2

gangliosidosis. Diagnosis requires the mea-
surement of a- and b-hexosaminidase activity
in fibroblasts. Molecular genetics testing is
used for genetic counseling.

Management. Specific treatment is not available.

JUVENILE SULFATIDE LIPIDOSIS

Sulfatide lipidosis (metachromatic leukodystro-
phy) is a disorder of central and peripheral
myelin metabolism usually caused by decreased
activity of the enzyme arylsulfatase A. The defec-
tive gene is on chromosome 22q. Discussion of
the late infantile form appears in Chapters 5
and 7. The usual cause of the juvenile form is
arylsulfatase deficiency, but a secondary cause
is saposin B deficiency.

Clinical Features. Juvenile sulfatide lipidosis
begins later and has a slower course than the
late infantile disease. Onset is usually between
4 and 12 years. Initial symptoms are poor
school performance, behavioral change, and
a gait disturbance. Spasticity, progressive gait
and limb ataxia, seizures, and mental deterio-
ration follow. Peripheral neuropathy is not a
prominent clinical feature, but prolonged
motor conduction velocities are usual late in
the course of the disease. Protein concentra-
tion in the cerebrospinal fluid may be normal
or only slightly increased.

Progression is relatively rapid. Most chil-
dren deteriorate to a vegetative state and die
within 10 years. The time from onset to death
ranges from 3 to 17 years, and the age at onset
does not predict the disease course.

Diagnosis. MRI shows widespread demyelin-
ation of the cerebral hemispheres. Late-onset
disease may resemble multiple sclerosis. Diag-
nosis requires the demonstration of decreased
or absent arylsulfatase A in peripheral leuko-
cytes. Those with decreased amounts require
testing for saposin B deficiency. Molecular
genetics testing is available.

Management. Allogenic bone marrow trans-
plantation, when used early in the course of
the disease, slows the rate of progression.

MARINESCO-SJÖGREN SYNDROME

Cerebellar ataxia, congenital cataracts, and
mental retardation are the characteristic fea-
tures of Marinesco-Sjögren syndrome. This
complex has many causes. Some families have
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Table 10-4 Metabolic Screening
in Progressive Ataxias

Disease Abnormality

Blood

Abetalipoproteinemia Lipoproteins,
cholesterol

Adrenoleukodystrophy Very-long-chain fatty
acids

Ataxia-telangiectasia IgA, IgE, a-fetoprotein
Hypobetalipoproteinemia Lipoproteins,

cholesterol
Mitochondrial disorders Lactate, glucose-lactate

tolerance
Sulfatide lipidoses Arylsulfatase A

Urine

Hartnup disease Amino acids
Maple syrup urine disease Amino acids

Fibroblasts

Carnitine
acetyltransferase
deficiency

Carnitine
acetyltransferase

GM2 gangliosidosis Hexosaminidase
Refsum disease Phytanic acid

Bone Marrow

Neurovisceral storage Sea-blue histiocytes
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a mitochondrial disorder. Other families have
congenital cataracts, delayed motor develop-
ment, ataxia, demyelinating peripheral neuropa-
thy, and dysmorphic facial features (Merlini
et al, 2002).

Clinical Features. A constant feature is catar-
acts, which may be congenital or develop dur-
ing infancy. The type of cataract varies and is
not specific. Dysarthria, nystagmus, and ataxia
of the trunk and limbs characterize the cere-
bellar dysfunction during infancy. Strabismus
and hypotonia are frequently present in child-
hood. Developmental delay is a constant fea-
ture but varies from mild to severe. Other
features include short stature, delayed sexual
development, pes valgus, and scoliosis.

Although the onset of symptoms is in
infancy, progression is slow or stationary. Ataxia
leads to wheelchair confinement by the third or
fourth decade and significant shortening of life
span.

Diagnosis. The basis of diagnosis is the clinical
and neuroimaging studies. SIL1 is the only gene
associated with Marinesco-Sjögren syndrome.
Molecular genetics testing is available on a
research basis only.

Management. Treatment is supportive.

OTHER METABOLIC DISORDERS

Descriptions of Hartnup disease and maple
syrup urine disease are in the section on acute
or recurrent ataxia. After an acute attack of
these diseases, some patients never return to
baseline but instead have chronic progressive
ataxia. Such patients require screening for
metabolic disorders (Table 10-4). Refsum dis-
ease is an inborn error of phytanic acid metab-
olism, and transmission is by autosomal recessive
inheritance. The cardinal features are retinitis
pigmentosa, chronic or recurrent polyneuropa-
thy, and cerebellar ataxia. Affected individuals
usually have either night blindness or neuropa-
thy (see Chapter 7).

Disorders of pyruvate metabolism and of
the respiratory chain enzymes cause wide-
spread disturbances in the nervous system
and are described in Chapters 5, 7, and 8.
The common features among the several dis-
orders of mitochondrial metabolism include
lactic acidosis, ataxia, hypotonia, ophthalmo-
plegia, mental retardation, and peripheral
neuropathy. An increased concentration of
blood lactate or the production of lactic acido-
sis demonstrated by a standard glucose toler-
ance test suggests a mitochondrial disorder.
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Deficiency of PDH may produce acute, recur-
rent, or chronic ataxias and is discussed in
the section on acute or recurrent ataxia. Respi-
ratory chain disorders produce a combination
of ataxia, dementia, myoclonus, and seizures.

X-Linked Inheritance

Ataxia may be the initial feature of the infantile
form of adrenoleukodystrophy (see Chapter 5).
The clinical features of adrenoleukodystrophy
can mimic spinocerebellar degeneration and
require consideration in any family with only
males affected. An X-linked ataxia associated
with hypotonia, deafness, and loss of vision in
early childhood occurs in some families. Other
families have only ataxia and deafness. The
abnormal gene site and gene product are not
established, and it is not possible to know
whether these are allelic or different disorders.
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Hemiplegia
The approach to children with hemiplegia
must distinguish between acute hemiplegia, in
which weakness develops within a few hours,
and chronic progressive hemiplegia, in which
weakness evolves over days, weeks, or months.
The distinction between an acute and an insidi-
ous onset should be easy but can beproblematic.
In children with a slowly evolving hemiplegia,
missing early weakness is possible until attaining
an obvious level of functional disability; then the
hemiplegia seems new and acute.

An additional presentation of hemiplegia
found in infants who come to medical atten-
tion because of developmental delay is slowness
in meeting motor milestones and early estab-
lishment of hand preference. Children should
not establish a hand preference until the sec-
ond year. Such children may have a static struc-
tural problem from birth (hemiplegic cerebral
palsy), but the clinical features are not appar-
ent until the children are old enough to use
the affected limbs.

Magnetic resonance imaging (MRI) is the
diagnostic modality of choice for investigating
all forms of hemiplegia. It is especially informa-
tive to show migrational defects in hemiplegic
cerebral palsy associated with seizures. Magnetic
resonance arteriography is sufficiently informa-
tive in visualizing the vascular structures to obvi-
ate the need for arteriography in most children.
HEMIPLEGIC CEREBRAL PALSY

The term hemiplegic cerebral palsy comprises sev-
eral pathological entities that result in limb
weakness on one side of the body. In premature
infants, the most common cause is periventricu-
lar hemorrhagic infarction (see Chapter 4). In
term infants, the underlying causes are often
cerebral malformations, cerebral infarction,
and intracerebral hemorrhage. Imaging studies
of the brain are useful to provide the family with
a definitive diagnosis.
Delayed crawling or walking is the usual con-
cern that brings infants with hemiplegia from
birth for a neurological evaluation. Abnormal-
ities of the legs are the focus of attention. Uni-
lateral facial weakness is never associated,
probably because bilateral corticobulbar inner-
vation of the lower face persists until birth. Epi-
lepsy occurs in half of children with hemiplegic
cerebral palsy.

Infants with injury to the dominant hemi-
sphere can develop normal speech in the non-
dominant hemisphere, but it is at the expense
of visuoperceptual and spatial skills. Infants
with hemiplegia and early-onset seizures are
an exception; they show cognitive disturbances
of verbal and nonverbal skills.
Congenital Malformations

Migrational defects constitute the majority of
congenital malformations causing infantile
hemiplegia (Fig. 11-1). The affected hemi-
sphere is often small and may show a unilat-
eral perisylvian syndrome in which the sylvian
fossa is widened (Sébire et al, 1996). Chapter
17 describes a bilateral perisylvian syndrome
with speech disturbances. Seizures and mental
retardation are often associated. As a rule, epi-
lepsy is more common when congenital mal-
formations cause infantile hemiplegia than
when the cause is stroke.
Neonatal Infarction

Cerebral infarction from arterial occlusion
occurs more often in full-term newborns than
in premature newborns. MRI shows three pat-
terns of infarction: (1) arterial border zone infarc-
tion is associated with resuscitation and caused
by hypotension; (2) multiple-artery infarction is
not often associated with perinatal distress
and may be caused by congenital heart disease,
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Figure 11-1 Schizencephaly. The rim of gray
matter around the defect in the left hemisphere
indicates that the abnormality is a schizencephaly
rather than an infarction. The child’s main abnor-
mality was hemiplegia.
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disseminated intravascular coagulation, and
polycythemia; and (3) single-artery infarction can
result from injury to the cervical portion of
the carotid artery during a difficult delivery
owing to either misapplication of obstetric for-
ceps or hyperextension and rotation of the
neck with stretching of the artery over the lat-
eral portion of the upper cervical vertebrae.
However, trauma is a rare associated event,
and the cause of most single-artery infarctions,
especially large infarctions in the frontal or
parietal lobe, is unexplained.

Clinical Features. Some newborns with large
single-artery infarcts appear normal at birth,
but develop repetitive focal seizures during
the first 4 days postpartum. Most of these will
later show a hemiparesis that spares the face.
When neonatal seizures do not occur, hemi-
plegia during infancy brings the child to neu-
rological attention (Lee et al, 2005). Many
such children develop epilepsy during child-
hood, and some have cognitive impairment.

Diagnosis. MRI is necessary to show small
infarcts, but ultrasonography is satisfactory to
detect large infarcts in the complete distribu-
tion of the middle cerebral artery. The size of
the defect on MRI correlates directly with the
probability of later hemiplegia (Mercuri et al,
1999). Follow-up imaging studies may show
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either unilateral enlargement of the lateral ven-
tricle or porencephaly in the distribution of the
middle cerebral artery contralateral to the
hemiparesis. Hemiatrophy of the pons contra-
lateral to the abnormal hemisphere may be an
associated feature.

Maternal use of cocaine during pregnancy
can cause cerebral infarction and hemorrhage
in the fetus. Cocaine is detectable in the new-
born’s urine during the first week postpartum.

Management. Antiepileptic drugs are usually
effective for seizure control (see Chapter 1).
Rehabilitative measures are the mainstay of
therapy.
Neonatal Hemorrhage

Intracranial hemorrhage affects 1% of full-
term neonates (Gradnitzer et al, 2002).

Small unilateral parietal or temporal hemor-
rhages occur almost exclusively in termnewborns
and are not associated with either trauma or
asphyxia. Larger hemorrhages into the temporal
lobe sometimes result when obstetric forceps
apply excessive force to the lateral skull, butmore
often they are idiopathic. Intraventricular hem-
orrhage may be an associated feature.

Clinical Features. Newborns with small hemor-
rhages are normal at birth and seem well until
seizures begin, anytime during the first week.
The symptoms of larger hemorrhages may
be apneic spells, seizures, or both. Seizures may
be focal or generalized, and hemiplegia or hypo-
tonia is present on examination. Some infants
recover completely, whereas others show resid-
ual hemiplegia and mental retardation.

Diagnosis. Seizures and apneic spells usually
prompt lumbar puncture to exclude the possi-
bility of sepsis. The cerebrospinal fluid is
grossly bloody. Computed tomography (CT)
shows hemorrhage (Fig. 11-2), and follow-up
studies show focal encephalomalacia.

Management. Treatment is available for sei-
zures but not for hemorrhage.
ACUTE HEMIPLEGIA

The sudden onset of an acute, focal neurologi-
cal deficit suggests either a vascular or an epi-
leptic mechanism (Table 11-1). Infants and
children who have acute hemiplegia are almost
equally divided into two groups according to



Figure 11-2 Moyamoya disease. Arteriography
demonstrates occlusion of the carotid artery at the
siphon and new anastomotic vessel formation (arrow).
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whether epilepsia partialis continua preceded
the hemiplegia. Both groups may have seizures
on the paretic side after hemiplegia is estab-
lished. Cerebral infarction, usually in the distri-
bution of the middle cerebral artery, accounts
for one fourth of cases in which seizures pre-
cede the hemiplegia and more than half of
cases in which hemiplegia is the initial feature.
Whatever the cause, the probability of a perma-
nent motor deficit is almost l00% when the ini-
tial feature is epilepsia partialis continua and
approximately 50% when it is not.
Alternating Hemiplegia

This is a rare and poorly understood clinical
syndrome with hemiplegia as a cardinal feature
(Swoboda et al, 2004). Considerations of its
nosological identity include migraine, epilepsy,
and familial paroxysmal choreoathetosis. Most
Table 11-1 Differential Diagnosis of Acute
Hemiplegia

Alternating hemiplegia
Asthmatic amyotrophy (see Chapter 13)
Cerebrovascular disease
Diabetes mellitus
Epilepsy
Hypoglycemia (see Chapter 2)
Kawasaki disease (see Chapter 10)
Migraine
Trauma
Tumor
cases are sporadic, but some families show
mutations in a sodium potassium adenosine tri-
phosphatase gene also implicated in familial
hemiplegic migraine type 2. The clinical spec-
trum of both disorders, expanded by mutation
analysis, now overlaps.

Clinical Features. Onset is from birth to 18
months (mean, 8 months). The initial features
are mild developmental delay and abnormal eye
movements. Motor attacks may be hemiplegia,
dystonia, or both. As a rule, young infants have
more dystonic features and older children are
more likely to have flaccid hemiplegia. Brief epi-
sodes of monocular or binocular nystagmus, last-
ing for 1 to 3 minutes, are often associated with
both dystonic and hemiplegic attacks. Because
the attack onset is abrupt, dystonia is often mis-
taken for a seizure and hemiplegia for a stroke.
Most reports of epileptic seizures in infants with
this syndrome are probably dystonic attacks.

The duration of hemiplegia varies from
minutes to days, and intensity waxes and wanes
during a single episode. During long attacks
hemiplegia may shift from side to side, or both
sides may be affected. The arm is usually weaker
than the leg, and walking may not be impaired.
Hemiplegia disappears during sleep and reap-
pears on awakening but not immediately.

Dystonic episodes may primarily affect the
limbs on one side, causing hemidystonia, or
affect the trunk, causing opisthotonic posturing.
Some children scream during attacks as if in
pain. Headache may occur at the onset of an
attack but not afterward. Writhing movements
that suggest choreoathetosis may be associated.
Mental slowing occurs early in the course, and
mental regression follows later. Stepwise neuro-
logical impairment occurs as well, as if recovery
from individual attacks is incomplete.

Diagnosis. Results of electroencephalography,
cerebral arteriography, and MRI are normal.
The diagnosis relies entirely on the clinical
features.

Management. Anticonvulsant and antimigraine
medications have consistently failed to prevent
attacks or prevent progression. However, topi-
ramate prophylaxis prevented recurrent attacks
in a single case report (Di Rosa et al, 2006). Flu-
narizine, a calcium channel–blocking agent,
decreases the frequency of attacks, but its
efficacy is not established. Other calcium
channel–blocking agents and anticonvulsant
drugs have not been useful.

Alternating hemiplegia and dopa-responsive
dystonia (see Chapter 14) share the feature of
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episodic dystonia with diurnal variation, and
infants with attacks of dystonia should receive
a trial of levodopa-carbidopa.
Cerebrovascular Disease

The annual incidence of stroke in children after
the newborn period is approximately 2.3 per
l00,000 (Fullerton et al, 2003). This represents
a significant decrease over the past 20 years (Full-
erton et al, 2002). Half are ischemic and half are
nontraumatic intracerebral and subarachnoid
hemorrhages (Lanthier et al, 2000). The inci-
dence rate is slightly higher in black children
than in white children and lowest in Hispanic
children. Girls have a lower incidence than boys,
but the gender and racial differences are not
attributable to head injuries or sickle cell dis-
ease. Approximately 25% of ischemic strokes in
children are associated with a known risk factor
(Table 11-2). The coexistence of multiple risk
factors predicts a poor outcome.

Stroke is always a consideration when a pre-
viously healthy child suddenly becomes hemi-
paretic or develops any focal neurological
disturbance. Cranial CT or MRI confirms the
diagnosis. Clinical features vary with the age
of the child and the location of the stroke.
Hemiplegia, either immediately or as a late
sequela, is one of the more common features.
Table 11-2 Causes of Stroke

Cerebrovascular Malformations

Arteriovenous malformation
Fibromuscular dysplasia
Hereditary hemorrhagic telangiectasia
Sturge-Weber syndrome

Coagulopathies and Hemoglobinopathies

Antiphospholipid antibodies/lupus anticoagulant
Congenital coagulation defects
Disseminated intravascular coagulation
Drug-induced thrombosis
Malignancy
Sickle cell anemia/disease
Thrombocytopenic purpura

Heart Disease

Arrhythmia
Atrial myxoma
Bacterial endocarditis
Cardiac catheterization
Cardiomyopathy
Cyanotic congenital defects
Mitral valve prolapse
Prosthetic heart valve
Rhabdomyoma
Rheumatic heart disease
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CT identifies infarction as an area of
increased lucency that enhances with contrast
material. As a rule, visualization of the lucent
area is not possible in the first 24 hours after
stroke. Cerebral infarction is often superficial,
affecting both gray and white matter, and is in
the distribution of a single artery. Multiple
infarcts suggest either embolism or vasculitis.
Small, deep lesions of the internal capsule
are rare but can occur in infants.

Table 11-3 lists inherited states promoting
cerebral infarction and Table 11-4 summarizes
the evaluation of a child with cerebral infarc-
tion. The usual line of investigation includes
tests for coagulopathies, vasculitis, and vasculo-
pathies; a search for cardiac sources of emboli;
and cerebral arteriography. The basic evalua-
tion for prothrombotic disorders may include
prothrombin time and activated partial throm-
boplastin time; a complete blood cell count
including platelets, protein C, protein S, and
antithrombin III levels; activated protein
C resistance; plasminogen; fibrinogen; homo-
cysteine; antiphospholipid antibody screen;
a-lipoprotein; and a cholesterol panel. Genetic
testing may include screening for the factor V
Leiden mutation, the prothrombin 20210A
gene, and the MTHFR mutation.

An area of increased density on a non–
contrast-enhanced CT identifies intracerebral
hemorrhage. Edema frequently surrounds the
Trauma

Arterial dissection
Blunt trauma to neck
Intraoral trauma
Vertebral manipulation

Vasculitis

Carotid infection
Drug abuse (amphetamines and cocaine)
Hemolytic-uremic syndrome (see Chapter 2)
Hypersensitivity vasculitis
Isolated angiitis
Kawasaki disease (see Chapter 10)
Meningitis (see Chapter 4)
Mixed connective tissue disease
Systemic lupus erythematosus
Takayasu arteritis
Varicella infection

Vasculopathies

Fabry disease
Homocystinuria (see Chapter 5)
Mitochondrial encephalopathy, lactic acidosis, and
stroke

Moyamoya disease



Table 11-4 Evaluation of Cerebral
Infarction

Blood

Activated protein C resistance,
antiphosphospholipid
antibodies, apolipoproteins,
cholesterol (high and low
density), complete blood
count, culture, erythrocyte
sedimentation rate, factor V,
free protein S, lactic acid,
Leiden mutation, lupus
anticoagulant, plasminogen,
protein C, serum
homocystine, and
triglycerides

Bacterial endocarditis
Homocystinuria
Hypercoagulable state
Hyperlipidemia
Leukemia
Systemic lupus
erythematosus

MELAS
Polycythemia
Sickle cell anemia
Vasculitis

Urine

Cocaine, urinalysis Cocaine abuse
Homocystinuria
Nephritis
Nephrosis

Heart

Echocardiography,
electrocardiography

Bacterial endocarditis
Congenital heart disease
Mitral valve prolapse
Rheumatic heart disease

Brain

Arteriography, magnetic
resonance imaging

Arterial dissection
Arterial thrombosis
Arteriovenous

malformation
Fibromuscular

hypoplasia
Moyamoya disease
Vasculitis

MELAS, mitochondrial encephalopathy, lactic acidosis, and
stroke.

Table 11-3 Inherited States Promoting
Cerebral Infarction

Activated Protein C Resistance

Factor V Leiden mutation

Deficiencies

Protein C
Protein S
Antithrombin III

Other Genetic Factors

Prothrombin gene 20210 mutation
Methylene tetrahydrofolate reductase gene defect
Elevated lipoprotein-a
Plasminogen activator inhibitor promoter polymorphism
Elevated antiphospholipid antibodies and lupus

anticoagulant
Elevated factor VIII levels, low plasminogen or high

fibrinogen
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area of increased density and may produce a
mass effect with a shift of midline structures.

Arteriovenous Malformations

Supratentorial malformations may cause acute
or chronic progressive hemiplegia. Intrapar-
enchymal hemorrhage causes acute hemiplegia.
Themajor clinical features of hemorrhage into a
hemisphere are loss of consciousness, seizures,
and hemiplegia. Large hematomas cause mid-
line structures to shift and increase intracranial
pressure. Chapter 4 contains the discussion of
arteriovenous malformations.

Brain Tumors

The usual cause of acute hemiplegia from
brain tumor is hemorrhage into or around
the tumor. Hemorrhage may hide the underly-
ing tumor on CT, and MRI is more informa-
tive (see Chapter 4).

Carotid and Vertebral Artery Disorders

CERVICAL INFECTIONS

Unilateral and bilateral occlusions of the cervi-
cal portion of the internal carotid arteries may
occur in children with a history of chronic ton-
sillitis and cervical lymphadenopathy. Whether
this is cause and effect or coincidence is uncer-
tain. Tonsillitis may cause carotid arteritis.

Unilateral cerebral infarction may occur in
the course of cat-scratch disease (see Chapter
2) and mycoplasmal pneumonia. In both dis-
eases, the presence of submandibular lymph
node involvement is associated with arteritis
of the adjacent carotid artery. Necrotizing fas-
ciitis is a serious cause of inflammatory arteri-
tis with subsequent occlusion of one or both
carotid arteries. The source of parapharyngeal
space infection is usually chronic dental infec-
tion. Mixed aerobic and anaerobic organisms
are isolated on culture.

Clinical Features. The usual sequence in cervical
arteritis is fever and neck tenderness followed by
sudden hemiplegia. Bilateral hemiplegia may
occur when both sides are infected.

Diagnosis. Culture of the throat or lymph node
specimens is required to identify the offending
organism or organisms. Arteriography identi-
fies the site and extent of carotid occlusion.

Management. An aggressive course of antibi-
otic therapy, especially for necrotizing fasciitis,
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is mandatory. The outcome is variable, and
recovery may be partial or complete.

FIBROMUSCULAR DYSPLASIA

Fibromuscular dysplasia is an idiopathic seg-
mental nonatheromatous disorder of the
internal carotid artery. The cervical portion
of the artery is most often affected.

Clinical Features. Transitory ischemic attacks
and stroke are the only clinical features of
fibromuscular dysplasia. Fibromuscular dyspla-
sia is primarily a disease of women older than
50 years of age, but can occur in children.

Diagnosis. Arteriography shows an irregular
contour of the internal carotid artery in the
neck resembling a string of beads. Suspect
concomitant fibromuscular dysplasia of the
renal arteries if hypertension is present.

Management. Either operative transluminal bal-
loon angioplasty or carotid endarterectomy is a
treatment option for the stenosis. The long-
term prognosis in children is unknown.

TRAUMA TO THE CAROTID ARTERY

Children may experience carotid thrombosis
and dissection from seemingly trivial inju-
ries, such as during exercise and sports,
and they occur without known cause in oth-
erwise normal children (Rafay et al, 2006).
They also occur in child abuse (grabbing
and shaking the neck) or from injuries to
the carotid artery during a fall when the
child has a blunt object (e.g., pencil, lolli-
pop) in the mouth.

Clinical Features. Usually, a delay of several
hours and sometimes days separates the injury
from the onset of symptoms. The delay proba-
bly represents the time needed for a thrombus
to form within the artery. Clinical features
usually include hemiparesis, hemianesthesia,
hemianopia, and aphasia when the dominant
hemisphere is affected. Deficits may be transi-
tory or permanent, but some recovery always
occurs. Seizures are uncommon.

Diagnosis. Magnetic resonance angiography
safely visualizes carotid dissection and occlusion.

Management. Heparin followed by oral antico-
agulation therapy is the recommended therapy.
However, neither anticoagulation nor surgical
repair has proven efficacy.
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TRAUMA TO THE VERTEBRAL ARTERY

Vertebral artery thrombosis or dissection may
follow minor neck trauma, especially rapid
neck rotation. The site of occlusion is usually
at the C1-2 level. Boys are more often affected
than girls (Ganesan et al, 2002).

Clinical Features. The usual features of verte-
bral artery injury are headache and brainstem
dysfunction. Repeated episodes of hemiparesis
associated with bitemporal throbbing head-
ache and vomiting may occur and are readily
misdiagnosed as basilar artery migraine. The
outcome is relatively good, survival is the rule,
and chronic neurological disability is unusual.

Diagnosis. The clue to diagnosis is the pres-
ence of one or more areas of infarction on
CT or MRI. The possibility of stroke leads to
an arteriographic study, which reveals the bas-
ilar artery occlusion.

Management. Long-term aspirin prophylaxis is
a common recommendation, but has not been
proven effective.

Cocaine Use

Cocaine is a potent vasoconstrictor that causes
infarction in several organs. Stroke occurs
mainly in young adults andmay follow any route
of administration, but it takes place more often
when crack cocaine is smoked. The interval from
administration to stroke is usually unknown, but
may be minutes to hours. Intracerebral hemor-
rhage and subarachnoid hemorrhage are more
common than cerebral infarction and often
occur in individuals with underlying aneurysms
or arteriovenous malformations. Vasospasm or
vasculitis is the probable cause of infarction.
Diabetes Mellitus

Acute but transitory attacks of hemiparesis
occur in children with insulin-dependent dia-
betes mellitus. Complicated migraine is a sug-
gested mechanism, but the pathophysiology
remains unknown.

Clinical Features. Attacks frequently occur dur-
ing sleep in a child with a respiratory illness.
Hemiparesis is present on awakening; weakness
is greater in the face and arm than the leg. Sensa-
tion is intact, but aphasia is present if the domi-
nant hemisphere is affected. Tendon reflexes
may be depressed or brisk in the affected arm,
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and an extensor plantar response is usually pres-
ent. Headache is a constant feature and may be
unilateral or generalized. Some patients are
nauseated. The family does not have a history
of migraine. Attacks last for 3 to 24 hours,
and recovery is complete. Recurrences are
common.

Diagnosis. Stroke is not a complication of juve-
nile insulin-dependent diabetes, except during
episodes of ketoacidosis (see Chapter 2). Head
CT in children with transitory hemiplegia does
not show infarction.

Management. Although some children have
more attacks, a method to prevent recurrences
has not been established.
Epilepsy

Hemiparetic Seizures

Todd paralysis is a term used to describe
hemiparesis that lasts for minutes or hours
and follows a focal or generalized seizure. It
occurs most often after prolonged seizures,
especially those caused by an underlying
structural abnormality. The mechanism may
be ischemic.

Hemiparesis may be a seizure manifestation
as well as a postictal event. Such seizures are
hemiparetic or focal inhibitory seizures. Todd
paralysis may be difficult to distinguish from
hemiparetic seizures because it is not always
clear whether a seizure preceded the hemipa-
resis or whether the hemiparesis is ictal or
postictal.

Clinical Features. The initial feature may be a
brief focal seizure followed by flaccid hemipa-
resis or the abrupt onset of flaccid monopar-
esis or hemiparesis. Consciousness is not
impaired, and the child seems well otherwise.
The severity and distribution of weakness fluc-
tuate, affecting one limb more than the other
and sometimes the face. Tendon reflexes are
normal in the hemiparetic limbs, but the plan-
tar response may be extensor.

Diagnosis. Electroencephalography shows recur-
rent spike-and-slow-wave discharges in the contra-
lateral hemisphere. A radioisotope scan shows
increased focal uptake in the affected hemi-
sphere. Results ofMRI, CT, and cerebral arteriog-
raphy are normal.

Management. Seizures respond to standard
anticonvulsant drugs (see Chapter 1).
Heart Disease

Congenital Heart Disease

Cerebrovascular complications of congenital
heart disease most likely occur in children
with cyanotic disorders. The usual complica-
tions are venous sinus thrombosis in infants
and embolic arterial occlusion in children.
The risk of embolization is greatest at the time
of cardiac surgery or catheterization (Roach,
2000). Emboli may occur from valvular vegeta-
tions or bacterial endocarditis. In either case,
the development of cerebral abscess is a major
concern. Cerebral abscess of embolic origin is
exceedingly uncommon in children younger
than 2 years of age with congenital heart dis-
ease and occurs only as a complication of men-
ingitis or surgery.

Children with complex congenital heart
disease are at risk of cardioembolic stroke,
thrombotic stroke, and watershed infarcts from
decreases in perfusion pressure. The rates of
stroke in children with complex congenital
heart disease vary with (1) severity of the malfor-
mation, (2) number of corrective surgeries
required, (3) anesthetic techniques used during
surgery, (4) patient selection, and (5) length of
follow-up. The greatest risk for children with
congenital heart disease occurs at the time of
surgery or cardiac catheterization.

Cerebral dysgenesis is an important consid-
eration in children with congenital heart dis-
ease. Postmortem studies show a 10% to 29%
prevalence of associated cerebral malforma-
tions. Children with hypoplastic left heart syn-
drome are especially at risk of associated
dysgenetic brain lesions.

Clinical Features. Venous thrombosis occurs
most often in infants with cyanotic heart dis-
ease who are dehydrated and polycythemic.
One or more sinuses may occlude. Failure of
venous drainage always increases intracranial
pressure. Hemiparesis is a major clinical fea-
ture and may occur first on one side and then
on the other with sagittal sinus obstruction.
Seizures and decreased consciousness are asso-
ciated features. The mortality rate is high in
infants with thrombosis of major venous
sinuses, and most survivors have neurological
morbidity.

Children with cyanotic heart disease are at
risk of arterial embolism when vegetations
are present within the heart or if a right-to-left
shunt allows peripheral emboli to bypass the
lungs and reach the brain. This can occur spon-
taneously or at the time of cardiac surgery.
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The potential for cerebral abscess formation
increases in children with a right-to-left shunt
because decreased arterial oxygen saturation
lowers cerebral resistance to infection.

The initial feature is sudden onset of hemi-
paresis associated with headache, seizures, and
loss of consciousness. Seizures are at first focal
and recurrent but later become generalized.

Diagnosis. MRI is the preferred procedure for
the detection of venous thrombosis and emboli.
A pattern of hemorrhagic infarction occurs
adjacent to the site of venous thrombosis, and
multiple areas of infarction are associated with
embolization.

The appearance onCTmay benormal during
the first 12 to 24 hours after embolization. By the
next day, contrast enhancement shows a low-
intensity lesion. Although the sequence is consis-
tent with a sterile embolus, the possibility of
subsequent abscess formation is a consideration.
Repeat enhanced CT or MRI studies within 1
week reveal ring enhancement as a sign of
abscess development.

Management. Treatment for venous thrombosis
is primarily supportive and directed toward cor-
recting dehydration and controlling increased
intracranial pressure. Dexamethasone is useful
to decrease cerebral volume, but osmotic diure-
ticsmay cause further thrombosis. The infarction
is usually hemorrhagic, and anticoagulants are
contraindicated. Distinguishing a septic from a
sterile thrombosis is impossible, and all infants
receive antibiotic treatment.

Children with arterial emboli, but without
evidence of hemorrhagic infarction, should
undergo anticoagulation to prevent further
embolization. Add dexamethasone if cerebral
edema and mass effect are associated with
the infarction. All such children should begin
antibiotic therapy to prevent cerebral abscess
formation. Stop antibiotics after 1 week if
abscess formation fails to occur and continue
for 6 to 8 weeks if an abscess forms.

Mitral Valve Prolapse

Mitral valve prolapse is a familial disorder pres-
ent in 5% of children. It is usually asymptomatic
but estimated to cause recurrent attacks of cere-
bral ischemia in 1 in every 6000 cases each year.
Sterile emboli from a thrombus, originating in
either the prolapsing leaflet or its junction with
the atrial wall, cause the recurrent attacks.

Clinical Features. The initial feature is usually a
transitory ischemic attack in the distribution of
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the carotid circulation, producing partial or
complete hemiparesis. Weakness usually clears
within 24 hours, but recurrent episodes, not
necessarily in the same arterial distribution, are
the rule. Basilar insufficiency is less common
and usually results in visual field defects. The
interval between recurrences varies from weeks
to years. Permanent neurological deficits occur
in less than 20% of individuals.

Diagnosis. Only 25% of patients have late sys-
tolic murmurs or a midsystolic click. In the
remainder, the findings of a cardiac examina-
tion are normal. Two-dimensional echocardi-
ography is required to establish the diagnosis.

Management. No treatment is needed for
asymptomatic children with auscultatory or
electrocardiographic abnormalities, nor is spe-
cific treatment available for a transient ische-
mic attack. However, once a child has had a
transitory attack of ischemia, administer daily
aspirin to reduce the likelihood of further
thrombus formation in the heart.

Rheumatic Heart Disease

The frequency and severity of rheumatic fever
and rheumatic heart disease in North Amer-
ica have been decreasing for several decades.
Unfortunately, a miniepidemic of acute
rheumatic fever recurs every 5 to 10 years in
the United States. Rheumatic heart disease
involves the mitral valve in 85% of patients,
the aortic valve in 54%, and the tricuspid
and pulmonary valves in less than 5%. The
source of cerebral emboli is either valvular
vegetations or septic emboli due to infective
endocarditis.

Clinical Features. The main features of mitral
valve disease are cardiac failure and arrhyth-
mia. Aortic valve disease is often asymptom-
atic. Neurological complications are always
due to bacterial endocarditis except in the
immediate postoperative period, when emboli-
zation is the likely explanation. Symptoms are
much the same as in congenital heart disease,
except that cerebral abscess is less common.

Diagnosis. Rheumatic heart disease is an estab-
lished diagnosis long before the first stroke.
Multiple blood cultures identify the organism,
and then the best drug for intravenous antibi-
otic therapy can be selected.

Management. Bacterial endocarditis requires
vigorous intravenous antibiotic therapy.
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Hypercoagulable States

A prethrombotic condition is present in 30%
to 40% of children who experience an arterial
ischemic stroke or sinovenous thrombosis
(Bonduel et al, 1999; DeVeber et al, 1998).

Abnormalities of blood cells or blood cell
concentration may place the child at risk of
hemorrhagic or ischemic stroke. Low platelet
count due to autoimmune thrombocytopenia
or bone marrow suppression may lead to hem-
orrhage. Anything that increases blood viscos-
ity, such as sickled cells, polycythemia, and
chronic hypoxia, may predispose to arterial
or venous infarct. Dehydration is associated
with arterial strokes and central venous throm-
bosis, possibly because it increases viscosity.
Anemia is a risk factor for arterial ischemic
infarction and central venous thrombosis, pos-
sibly due to alterations in hemodynamics or
imbalances in thrombotic pathways.

Clinical Features. The typical features of venous
thrombosis are headache and obtundation
caused by increased intracranial pressure, sei-
zures, and successive hemiplegia on either side.
Suspect an inherited hypercoagulable state in
children with recurrent venous thromboses, a
family history of venous thrombosis, or throm-
bosis at an unusual site (see Table 11-4). Arte-
rial thromboses usually cause ischemic stroke
in the distribution of a single cerebral artery.

Diagnosis. Suspect venous thrombosis when
hemiplegia and increased intracranial pressure
develop suddenly. The diagnosis of sagittal
sinus thromboses is suggested when parasagit-
tal hemorrhage or infarction is associated with
a flow void in the sagittal sinus on MRI. Cere-
bral arteriography is the more definitive proce-
dure. Table 11-5 summarizes laboratory studies.

Management. Symptomatic treatment includes
decreasing intracranial pressure and rehydrating
the patient without increasing cerebral edema.
Antithrombotic therapy is often required.
Table 11-5 Progressive Hemiplegia

Adrenoleukodystrophy (see Chapter 5)
Arteriovenous malformation (see Chapter 4)
Brain abscess (see Chapter 4)
Cerebral hemisphere tumor (see Chapter 4)
Demyelinating diseases
Late-onset globoid leukodystrophy (see Chapter 5)
Multiple sclerosis (see Chapter 10)
Sturge-Weber syndrome
Hypocoagulable States

Common congenital coagulation factor defi-
ciencies include deficiencies of coagulation
factor VIII (hemophilia A), coagulation factor
IX (hemophilia B), and von Willebrand factor.
A deficiency of any factor that regulates coagu-
lation places the child at risk of thrombosis.
Pediatric ischemic stroke has been associated
with deficiencies of protein C, protein S, and
antithrombin; with activatedproteinC resistance
due to the factor V Leiden mutation; with the
prothrombin gene 20210 mutation, the methy-
lene tetrahydrofolate reductase gene defect,
and increased lipoprotein-a; with increased anti-
phospholipid antibodies; with lupus anticoagu-
lant; with increased factor VIII levels; and with
low plasminogen or high fibrinogen. Thrombo-
sis also accompanies secondary to transitory
hematological abnormalities associated with
intercurrent illness. For example, idiopathic
nephrotic syndrome is associated with decreased
antithrombin and central venous thrombosis
(Fluss et al., 2006).
Ischemic Arterial Infarction

Capsular Stroke

Small, deep infarcts involving the internal cap-
sule occur in adults with hypertensive angiopa-
thy. They also occur, but very rarely, in infants
and young children. The onset of weakness is
sudden and may occur during sleep or
wakefulness.

Clinical Features. The face and limbs are
involved, and a typical hemiplegic posture
and gait develop. Hypalgesia and decreased
position sense are difficult to demonstrate in
infants but are demonstrable in older chil-
dren. Larger infarcts affecting the striatum
and the internal capsule of the dominant
hemisphere cause speech disturbances. At
the onset of hemiplegia, the child is mute
and lethargic. As speech returns, evidence of
dysarthria and aphasia develops. Eventually
speech becomes normal. Hemiplegia may
clear completely the next year, but some chil-
dren have residual weakness of the hand.

Diagnosis. MRI demonstrates capsular infarcts.
A cause is rarely determined despite extensive
study.

Management. Initiate a rehabilitative treatment
program when the child’s condition is stable.
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Cerebral Artery Infarction

Acute infantile hemiplegia may result from
infarction in the distribution of the middle cere-
bral artery or one of its branches, the posterior
cerebral artery, or the anterior cerebral artery.

Clinical Features. Sudden hemiplegia is the typi-
cal initial feature. Hemianesthesia, hemianopia,
and aphasia (with dominant hemisphere infarc-
tion) are present as well. Some children are
lethargic at the onset of symptoms, but con-
sciousness is seldom lost completely.

Epilepsia partialis continua precedes hemi-
plegia in approximately one third of cases.
When this is the case, permanent hemiplegia
is a constant feature and epilepsy is common.
When hemiplegia occurs without seizures, half
of the patients recover completely and partial
paralysis persists in the remainder.

Diagnosis. Complete occlusion of the middle
cerebral artery produces a large area of lucency
on CT involving the cortex, underlying white
matter, basal ganglia, and internal capsule.
Occlusion of superficial branches of themiddle
cerebral artery produces a wedge-shaped area
of lucency extending from the cortex into the
subjacent white matter. Table 11-4 lists studies
of hypercoagulable states.

Management. Very few case reports describe
children with ischemic stroke treated with
intra-arterial or intravenous tissue plasmino-
gen activator (Carlson et al, 2001). Few chil-
dren present within the mandated 3 hours of
infarct onset, and guidelines are not available
on using intravenous or intra-arterial throm-
bolytics in children.

Lipoprotein Disorders

Familial lipid and lipoprotein abnormalities
may cause premature cerebrovascular disease
in infants and children. Genetic transmission
of these disorders is by autosomal dominant
inheritance.

Clinical Features. Ischemic episodes cause tran-
sitory or permanent hemiplegia, sometimes
associated with hemianopia, hemianesthesia,
and aphasia. Affected families have a history
of cerebrovascular and coronary artery disease
developing at an early age.

Diagnosis. Most children have low plasma con-
centrations of high-density lipoprotein cholest-
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erol, others have high plasma concentrations of
triglycerides, and some have both. The mecha-
nism of arteriosclerosis is lipoprotein-mediated
endothelial damage with secondary thrombus
formation.

Management. Dietary treatment, lipid-lowering
medications, and daily aspirin administration
constitute the management program.

Mitochondrial Encephalopathy, Lactic
Acidosis, and Stroke

The most common mutation in mitochondrial
encephalopathy, lactic acidosis, and stroke
(MELAS) is in the mitochondrial gene MTTL1
encoding tRNA (Leu-UUR) (DiMauro and
Hirano, 2005).

Clinical Features. MELAS is a multisystem dis-
order with onset between 2 and 10 years. Early
psychomotor development is usually normal,
but short stature is common. First onset of symp-
toms is frequently between the ages of 2 and
10 years. The most common initial symptoms
are generalized tonic-clonic seizures, recur-
rent headaches, anorexia, and recurrent vom-
iting. Exercise intolerance or proximal limb
weakness can be the initial feature. Seizures are
often associated with strokelike episodes of
transient hemiparesis or cortical blindness.
These strokelike episodes may be associated
with altered consciousness and may be recur-
rent. The cumulative residual effects of the
strokelike episodes gradually impair motor
abilities, vision, and mentation, often by ado-
lescence or young adulthood. Sensorineural
hearing loss is common.

Affected children are usually normal at
birth. Failure to thrive, growth retardation,
and progressive deafness are characteristic of
onset during infancy. In cases with later onset,
the main neurological features are recurrent
attacks of prolonged migraine-like headaches
and vomiting, seizures (myoclonic, focal, gen-
eralized) that often progress to status epilep-
ticus, the sudden onset of focal neurological
defects (hemiplegia, hemianopia, aphasia),
and encephalopathy. Mental deterioration,
when present, occurs anytime during child-
hood. Neurological abnormalities are initially
intermittent and then become progressive,
leading to coma and death.

Diagnosis. MRI shows multifocal infarctions
that do not conform to definite vascular terri-
tories. The initial infarctions are often in the
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occipital lobes; progressive disease affects the
cerebral and cerebellar cortices, the basal
ganglia, and the thalamus. The concentration
of lactate in the blood and cerebrospinal fluid
is increased. Muscle biopsy specimens show
ragged-red fibers (see Chapter 7). Molecular
genetics testing is commercially available.

Management. Specific treatment is not avail-
able, but a cocktail of vitamins is often used.
The administration of coenzyme Q10 (50–
100 mg three times daily) and L-carnitine
(1000 mg three times daily) has benefited
some patients. Idebenone, a form of coen-
zyme Q10, which crosses the blood-brain bar-
rier more efficiently, may also be beneficial.
Anecdotal reports indicated that dichloroace-
tate, which decreases blood lactate by activat-
ing the pyruvate dehydrogenase complex, is
useful. However, a subsequent controlled
study showed a toxic effect on peripheral
nerves.

Oral administration of L-arginine attenuates
the severity of strokes when administered in
the acute phase (Koga et al, 2005). It also
decreases the frequency of strokes when given
interictally. Confirmation by a double-blind
study is required.

Moyamoya Disease

Moyamoya is not a disease, but rather a
chronic, progressive, noninflammatory vascu-
lopathy secondary to several other disorders.
The end result is a slowly progressive, bilateral
occlusion of the internal carotid arteries start-
ing at the carotid siphon. Occlusion of the bas-
ilar artery may occur as well. Associated
conditions include sickle cell anemia, Down
syndrome, neurofibromatosis 1, ventricular
septal defect, mitral valve stenosis, and tetral-
ogy of Fallot. Because the occlusion is slowly
progressive, multiple anastomoses form
between the internal and external carotid
arteries. The result is a new vascular network
at the base of the brain composed of collat-
erals from the anterior or posterior choroidal
arteries, the basilar artery, and the meningeal
arteries. On angiography, these telangiectasias
produce a hazy appearance, like a puff of
smoke, from which is derived the Japanese
word moyamoya (see Fig. 11-2). The disorder
is worldwide in distribution, with a female-to-
male ratio of 3:2.

Clinical Features. The initial symptoms vary
from recurrent headache to abrupt hemipar-
esis. Infants and young children tend to have
an explosive onset characterized by the sud-
den development of complete hemiplegia
affecting the face and limbs. The child is at
least lethargic and sometimes comatose. When
the child is sufficiently alert, examination may
reveal hemianopia, hemianesthesia, and apha-
sia. Some children have chorea of the face and
all limbs, which is worse on one side. Recovery
follows, but before it is complete, new epi-
sodes of focal neurological dysfunction occur
on either the same or the opposite side. These
episodes include hemiparesis, hemianesthesia,
and aphasia, alone or in combination. The
outcome is generally poor. Most children will
have chronic weakness on one or both sides,
epilepsy, and mental retardation. Some chil-
dren die.

Recurrent transient ischemic attacks are an
alternative manifestation. Characteristic of the
attacks are episodic hemiparesis and dyses-
thesia lasting for minutes or hours, that are
not associated with loss of consciousness. Fre-
quently, hyperpnea or excitement triggers
attacks, whichmay recur daily. After 4 or 5 years,
the attacks cease, but residual deficits persist.

Repeated episodes of monoparesis or symp-
toms of subarachnoid hemorrhage are other
possible features of moyamoya disease. Mono-
paresis generally occurs after infancy and sub-
arachnoid hemorrhage after 16 years of age.

Diagnosis. CT or MRI usually shows a large
cerebral infarction caused by stenosis in the
internal carotid artery. Definitive diagnosis
requires arteriographic demonstration of bilat-
eral stenosis in the distal internal carotid
arteries and the development of collaterals in
the basal ganglia and meninges. Studies
should include a search for an underlying vas-
culopathy or coagulopathy.

Management. Treatment options depend on
finding the underlying cause. Surgical proce-
dures such as encephaloduroarteriosynangio-
sis or arterial bypass have been used to treat
children with moyamoya disease.

Sickle Cell Disease

Sickle cell disease is a genetic disorder of African
American children transmitted by autosomal
recessive inheritance. It is the most common
hematological disorder associated with cerebro-
vascular accidents. The term encompasses a
group of disorders associated with mutations in
the HBB gene and defined by the presence of
hemoglobin (Hb) S. Sickle cell anemia (Hb SS)
accounts for 60% to 70% of sickle cell disease
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in the United States. The other forms of sickle
cell disease result from coinheritance of Hb S
with other abnormal globin b-chain variants
(Vichinsky and Schlis, 2006).

Silent infarcts occur in the distribution of
small vessels. The most common underlying
lesion is an intracranial arterial stenosis or
obstruction, often seen in the proximal mid-
dle cerebral and anterior cerebral arteries.
Sickled erythrocytes cause chronic injury to
the vessel endothelium, resulting in a nar-
row lumen. Subarachnoid hemorrhage and
intraparenchymal hemorrhage also can occur.

Before modern therapy, neurological com-
plications occurred in as many as 25% of
homozygotes and also may occur at times of
stress, such as surgery, in heterozygotes. The
abnormal erythrocytes clog large and small
vessels, decreasing total, hemispheric, or
regional blood flow. Cerebral infarction usu-
ally occurs in the region of arterial border
zones.

Clinical Features. The major systemic features
are jaundice, pallor, weakness, and fatigability
from chronic hemolytic anemia. Half of homo-
zygotes show symptoms by 1 year of age, and all
have symptoms by 5 years of age. The incidence
of cerebral infarction varies among studies but
may be as high as 46% (Steen et al, 2003).
Strokes occur at the time of a thrombotic,
vaso-occlusive crisis. Dehydration or anoxia is
often the cause of a crisis. Fever and pain in
the abdomen and chest are characteristic. Focal
or generalized seizures are the initial neurolog-
ical feature in 70% of patients. Vasculopathy
and hypoperfusion cause epilepsy in children
with sickle cell disease (Prengler et al, 2005).
After the seizures have ended, hemiplegia and
other focal neurological deficits are noted.
Some recovery follows, but there is a tendency
for recurrent strokes, epilepsy, and mental
retardation. Strokes affecting both hemispheres
produce a pseudobulbar palsy with brainstem
dysfunction.

The worst case is a child in coma who has
meningismus. A diffuse decrease in cerebral
blood flow associated with subarachnoid or
intracerebral hemorrhage is the usual cause.
The mortality rate is high.

Diagnosis. The presence of significant quanti-
ties of Hb S established the diagnosis. High-per-
formance liquid chromatography, isoelectric
focusing, and Hb electrophoresis are used to
quantify Hb S. Mutation analysis is available.
Most affected children have an established
diagnosis long before their first stroke. CT
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or MRI documents the extent of cerebral
infarction and hemorrhage. After several
such crises, cortical atrophy may be present.
Cerebral arteriography offers little additional
information and carries the risk of increasing
ischemia.
Management. The treatment of children with
acute stroke includes monitoring neurological
status and treatment of increased intracranial
pressure and seizures if present. Chronic red
blood cell transfusion therapy maintains the
percentage of Hb S at less than 30% and is
used for (1) the primary prevention of stroke
in children with abnormal transcranial Dop-
pler study results, (2) the prevention of stroke
recurrence, and (3) the treatment of chronic
debilitating pain and pulmonary hypertension.
Iron overload and alloimmunization compli-
cate chronic red blood cell transfusion.

Hydroxyurea, the most prescribed therapy
for sickle cell disease, benefits individuals with
the disease by induction of Hb F synthesis. Hb
F synthesis decreases sickling, improves red cell
survival, lowers the white blood cell count, and
acts as a vasodilator. Hydroxyurea treatment
decreases acute painful episodes, episodes of
acute chest syndrome, and the need for trans-
fusion; survival is not improved (Steinberg
et al, 2003).

Stem-cell transplantation from a normal
matched sibling stem-cell donor or one with
the sickle cell trait can be curative (Walters
et al, 2000).

Vasculopathies

HYPERSENSITIVITY VASCULITIS

The term hypersensitivity vasculitis covers several
disorders that have a known underlying cause
(drugs, infection), a characteristic purpura of
the legs, and a venulitis. Neurological compli-
cations occur only in Henoch-Schönlein pur-
pura, for which an antecedent infection is
the probable cause.
Clinical Features. The systemic features of
Henoch-Schönlein purpura are fever, a purpu-
ric rash on the extensor surfaces of the limbs,
and abdominal pain with nausea and vomit-
ing. Joint and renal disturbances may be pres-
ent. Almost half of affected children have
headache and abnormalities on electroen-
cephalography. Focal neurological deficits
occur in one third of patients, with hemiplegia
accounting for half of these cases. A seizure
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may precede hemiplegia. Hemianesthesia, hemi-
anopia, and aphasia are associated with hemiple-
gia. These deficits may be permanent.

Diagnosis. CT or MRI shows infarction, hem-
orrhage, or both.

Management. Corticosteroids treat the under-
lying disease.

ISOLATED ANGIITIS OF THE CENTRAL
NERVOUS SYSTEM

Isolated angiitis of the central nervous system
is an inflammation of small cerebral vessels.
It is rare in children. The clinical features are
recurrent headache, sometimes of a migrain-
ous type, encephalopathy, and stroke. Arteri-
ography shows multiple areas of irregular
narrowing of the cerebral vessels. Corticoste-
roid therapy may be beneficial, but additional
treatment with pulse cyclophosphamide is
often required.

SYSTEMIC LUPUS ERYTHEMATOSUS

Several collagen vascular disorders can cause
neurological disturbances in adults, but sys-
temic lupus erythematosus (SLE) is the main
cause in children. SLE is an episodic, multisys-
tem, autoimmune disease characterized by the
presence of antinuclear antibodies, especially
antibodies to double-stranded DNA. SLE
accounts for 4.5% of patients seen in pediatric
rheumatology clinics. The onset of SLE is
uncommon before adolescence. In childhood,
the ratio of affected girls to boys is 4.5:1.
Mixed connective tissue disease is a rare cause
of either large vessel occlusion or hemorrhage
secondary to fibrinoid necrosis.

Clinical Features. Most children have fever,
arthralgia, and skin rash at the time of diagno-
sis. The clinical features of lupus in children
are generally similar to those in adults, except
for a higher incidence of hepatosplenomegaly,
chorea, nephritis, and avascular necrosis.

Neurological features are present in 25% of
children at the time of diagnosis and in 30%
to 60% sometime during the course. Central
nervous system involvement usually indicates
a severe clinical course. Neuropsychiatric
abnormalities are almost a constant feature.
The prevalence of recurrent headaches is
71%, migraine 36%, cognitive disorders 55%,
isolated seizures 47%, epilepsy 15%, acute
confusional state 35%, dysesthesia or paresthe-
sia 14%, transient ischemic attacks 12%, and
cerebrovascular accident 8%. Chorea and
myositis are rare complications. Unlike sys-
temic symptoms, neurological disturbances
are likely to progress or develop anew even
after initiating treatment.

Vasculitis in SLE is rare and affects small
arterioles and venules. Perivasculitis is more
common. Cerebrovascular accidents occur
mainly in patients with hypertension or
severe renal and cardiac disease. They are
associated with positive results on serological
tests for syphilis and the presence of lupus
anticoagulant.

Hemiplegia usually follows a seizure, and
the cause may be either cerebral infarction
or hemorrhage. Neurological episodes during
treatment are often complications of immuno-
suppression, such as fungal meningitis, rather
than primary complications of the underlying
disease.
Diagnosis. The diagnosis of lupus requires a
compatible clinical syndrome and the detection
of an abnormal titer of antinuclear antibody.
Antinuclear antibody is present in almost all
patients. Antibodies to double-stranded DNA
are pathognomonic for SLE and present in
almost all patients with active disease. Anti-
bodies to extractable nuclear antigen (Sm, Ro/
SS-A, La/SS-B, RNP) and antihistone antibodies
are strongly associated with SLE. Anti-Sm is
highly specific for the disease. Rheumatoid fac-
tor is present in 10% to 30%. The presence of
anticardiolipin antibodies is associated with
hemolytic anemia and thrombotic events. CT
or MRI of the head is useful to determine the
presence of hemorrhage or infarction. The
results of cerebral arteriography may be normal.

Management. The usual treatment of the cen-
tral nervous system manifestations of SLE is
high-dose oral or intravenous corticosteroids
after excluding an infectious process. Several
studies support the use of both corticosteroids
and cyclophosphamide in treating SLE. In
patients with antiphospholipid and a platelet
count greater than 70,000/mm3, low-dose
aspirin therapy is recommended. Anticoagula-
tion with heparin followed by warfarin is
required for children with stroke and anti-
phospholipid antibodies.

TAKAYASU ARTERITIS

Takayasu arteritis, also known as the pulseless
disease, is a chronic inflammatory large vessel
vasculitis affecting the aorta and its major
branches. The cause is unknown.
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Clinical Features. Onset usually occurs between
15 and 20 years of age, but may occur as early
as infancy. Ninety percent of patients are
female, and most are of Japanese ethnicity.
The most common features are fever, weight
loss, myalgias, arthralgia, hypertension, absent
pulses, and vascular bruits. The cause of neu-
rological manifestations of the disease is cere-
bral hypoperfusion secondary to stenosis of
the carotid and vertebral arteries and compli-
cations of hypertension. Stroke occurs in only
5% to 10% of patients. Focal seizures and sud-
den hemiplegia characterize the stroke. Exami-
nation reveals loss of radial pulses and some-
times a carotid bruit.

Diagnosis. CT reveals a focal hypodense area,
indicating infarction. Arteriography shows
involvement of the ascending aorta and its
major branches. Cardiac catheterization is
necessary to define the full extent of arteritis.
Some vessels have a beaded appearance;
others terminate abruptly and have presteno-
tic dilatation.

Management. Treatment consists of cortico-
steroids and immunosuppressive agents such
as methotrexate. Small series have shown use-
fulness of anti–tumor necrosis factor agents.
Management of hypertension is critical, and
antiplatelet agents are useful in preventing
thrombosis. Surgical intervention, angioplasty,
and stent placement are sometimes required.
Early diagnosis and treatment can lead to full
recovery.
Infections

Hemiplegia occurs during the course of bacte-
rial meningitis, resulting from vasculitis or
venous thromboses, and during the course of
viral encephalitis, especially herpes simplex,
resulting from parenchymal necrosis. In both
bacterial and viral infections, prolonged or
repetitive focal seizures precede the hemiple-
gia. Brain abscess may cause hemiplegia, but
its evolution is usually slowly progressive rather
than acute.

Varicella

Arterial ischemic strokes may occur during the
course of varicella infection and probably after
varicella immunization, 1 week to severalmonths
after the appearance of rash (Sébire et al, 1999).
The infarcts are small and located in the basal
ganglia and internal capsule.
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Migraine

Migraine is a hereditary disorder associated
with, but not caused by, paroxysmal alterations
in cerebral blood flow. Transitory neurological
abnormalities may accompany the attack. The
cause is a primary neuronal disturbance rather
than cerebral ischemia. However, cerebral
infarction may occur in adolescents during a
prolonged attack of classic migraine. Such
instances may represent something more than
ordinary migraine. Mitochondrial disorders
and channelopathies are possible mechanisms.
The occurrence of focal motor deficits, usually
hemiplegia or ophthalmoplegia (see Chapter
15), during an occasional migraine attack is
called complicated migraine. In some families,
hemiplegic migraine is a familial trait.

Complicated Migraine

Clinical Features. The family has a history of
migraine, but other family members have not
experienced hemiplegia during an attack.
The evolution of symptoms is variable but usu-
ally includes scintillating or simple scotomas,
unilateral dysesthesias of the hand and mouth,
and unilateral weakness of the arm and
face, usually sparing the leg. Occurring con-
currently with hemiparesis is a throbbing fronto-
temporal headache contralateral to the affected
hemisphere. Nausea and vomiting follow. The
patient falls asleep and usually recovers function
on awakening. Hemiparesis lasts for less than
24 hours.

Diagnosis. Migraine is a clinical diagnosis that
relies on a positive family history of the disor-
der. During an attack of hemiplegic migraine,
an electroencephalographic focus of polymor-
phic delta activity is present in the hemisphere
contralateral to the weakness. Neuroimaging
studies are unnecessary.

Management. A summary of migraine manage-
ment is given in Chapter 3.

Familial Hemiplegic Migraine

Familial hemiplegic migraine (FHM) differs
from complicated migraine because other fam-
ily members with migraine have had at least
one hemiplegic attack. Transmission of the trait
is by autosomal dominant inheritance. Three
genetic loci exist (Gardner, 2007). FHM1 on
chromosome 19p is allelic with the gene for
hereditary paroxysmal cerebellar ataxia and
encodes a calcium channel (CACNA1A). FHM2
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is allelic for alternating hemiplegia and encodes
a sodium-potassium adenosine triphosphatase
pump. Mutations in a sodium channel (SCN1A)
cause FHM3.

Clinical Features. Hemiplegia is an essential
feature. Associated features may include
visual disturbance, sensory loss such as numb-
ness and paraesthesia of the face or a limb,
and difficulty with speech. Attacks are stereo-
typed, occur primarily in childhood or ado-
lescence, may be precipitated by trivial head
trauma, and rarely occur more often than
once a year. The hemiplegia, although more
severe in the face and arm, also affects
the leg, and always outlasts the headache.
Hemianesthesia of the hemiplegic side is a
prominent feature. Aphasia occurs when the
dominant hemisphere is affected. Confusion,
stupor, or psychosis may be present during an
attack. The psychosis includes both auditory
and visual hallucinations as well as delusions.
Occasionally, patients have fever and a stiff
neck.

Symptoms last for 2 or 3 days. When the
attack is over, the neurological deficits usually
resolve completely, but permanent sequelae
are possible. A gaze-evoked nystagmus may
persist between attacks. Recurrent hemiplegic
attacks may occur on either the same or the
opposite side. Families with linkage to chro-
mosome 1 may experience seizures during
severe attacks.

Diagnosis. The basis for diagnosis is the clini-
cal findings and family history. The diagnostic
criteria are that (1) it fulfills criteria for migr-
aine with aura, (2) the aura includes some
degree of hemiparesis and the hemiparesis
may be prolonged, and (3) at least one first-
degree relative has identical attacks. Molecular
genetics testing for mutations in CACNA1A is
available on a clinical basis. Mutations in
ATP1A2 cause FHM2, and mutations in SCN1A
cause FHM3. Molecular genetics testing of
ATP1A2 and SCN1A is available on a research
basis only.

Management. Acetazolamide is a useful pro-
phylactic agent in several channelopathies
and may be useful in children with FHM1. A
trial of standard migraine prophylactic drugs
(tricyclic antidepressants, b-blockers, calcium
channel blockers) for all FHM types is reason-
able. In general, avoid vasoconstricting agents
to minimize stroke risk. Cerebral angiography
is hazardous because it may precipitate a
severe attack.
Trauma

Trauma accounts for half of all deaths in chil-
dren. Approximately 10% of traumatic injuries
in children are not accidental. Head injury is
the leading cause of death from child abuse,
and half of survivors have permanent neuro-
logical handicaps.

Epidural hematoma, subdural hematoma,
cerebral laceration, and intracerebral hemor-
rhage can produce focal signs such as hemi-
plegia. However, brain swelling is such a
prominent feature of even trivial head injury
in children that diminished consciousness and
seizures are the typical clinical features (see
Chapter 2).
Tumors

The initial clinical feature of primary tumors
of the cerebral hemispheres is more likely to
be chronic progressive hemiplegia than acute
hemiplegia. However, tumors may cause acute
hemiplegia when they bleed or provoke sei-
zures and are a consideration in the evaluation
of acute hemiplegia.
CHRONIC PROGRESSIVE
HEMIPLEGIA

The important causes of chronic progressive
hemiplegia are brain tumor, brain abscess,
and arteriovenous malformations. Increased
intracranial pressure is the initial feature of
all three. They are discussed in Chapter 4. Pro-
gressive hemiplegia is sometimes an initial fea-
ture of demyelinating diseases (see Chapters 5
and 10 and Table 11-4).
Sturge-Weber Syndrome

Sturge-Weber syndrome (SWS) is a sporadic
neurocutaneous disorder characterized by
the association of a venous angioma of the
pia mater with a port-wine stain of the face.
Other findings include mental retardation,
contralateral hemiparesis and hemiatrophy,
and homonymous hemianopia. SWS occurs
sporadically and in all races.

Clinical Features. The clinical features are
highly variable, and individuals with cutane-
ous lesions and seizures but with normal
intelligence and no focal neurological deficit
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are common. The cutaneous angioma is usu-
ally present at birth. It is flat and variable in
size but usually involves the upper lid. The
size of the cutaneous angioma does not pre-
dict the size of the intracranial angioma. It
is unilateral in 70% of children and ipsilateral
to the venous angioma of the pia. Even when
the facial nevus is bilateral, the pial angioma
is usually unilateral. The characteristic neuro-
logical and radiographic features of SWS may
be present without the cutaneous angioma.
Only 10% to 20% of children with a port-wine
nevus of the forehead have a leptomeningeal
angioma. Bilateral brain lesions occur in
at least 15% of children.

Seizures occur in 80% of children with
SWS. Onset is generally within the first year
and the seizure type is usually focal motor,
sometimes leading to partial or generalized
status epilepticus (see Chapter 1). Eighty per-
cent of children with SWS who have seizures
in the first year will show developmental delay
and mental retardation.

Hemiplegia, contralateral to the facial angi-
oma, occurs in as many as 50% of children.
Hemiplegia often appears after a focal-
onset seizure and progresses in severity after
subsequent seizures. Transitory episodes of
hemiplegia, not related to clinical or EEG
evidence of seizure activity, may occur. Some
episodes are associated with migraine-like
headache, and others occur in the absence of
other symptoms, and cerebral ischemia may
be the cause. Glaucoma occurs in 71% of chil-
dren with SWS, usually developing in the first
decade.
Diagnosis. The association of neurological
abnormalities and a port-wine stain of the face
should suggest SWS. The pial angioma is best
visualized by a contrast-enhanced MRI and
only rarely by angiography.
Management. The seizures are often difficult
to control with anticonvulsant medications.
Hemispherectomy sometimes improves sei-
zure control and promotes normal intellectual
development. The indications for hemispher-
ectomy are (1) clinically significant seizures
and (2) failure to respond to an adequate trial
of anticonvulsants. A limited resection suffices
for some children. In general, the surgical
considerations in children with SWS are simi-
lar to those in other epileptic patients. Early
hemispherectomy is the recommended proce-
dure when focal seizure onset is in infancy.
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Paraplegia and Quadriplegia
In this text, the term paraplegia denotes partial
or complete weakness of both legs, and the
term quadriplegia denotes partial or complete
weakness of all limbs, thus obviating need for
the terms paraparesis and quadriparesis. Many
conditions described fully in this chapter are
abnormalities of the spinal cord. The same spi-
nal abnormality can cause paraplegia or quadri-
plegia, depending on the location of the injury.
Therefore, both are discussed in this chapter.
APPROACH TO PARAPLEGIA

Weakness of both legs, without any involvement
of the arms, suggests an abnormality of either
the spinal cord or the peripheral nerves. Ordi-
narily, a pattern of distal weakness and sensory
loss, muscle atrophy, and absent tendon
reflexes provides recognition of peripheral
neuropathies (see Chapters 7 and 9). In con-
trast, spinal paraplegia causes spasticity, exag-
gerated tendon reflexes, and a dermatomal
level of sensory loss. Disturbances in the conus
medullaris and cauda equina, especially con-
genital malformation, may produce a complex
of signs in which spinal cord or peripheral
nerve localization is difficult. Indeed, both
may be involved. Spinal paraplegia may be
asymmetrical at first, and then the initial fea-
ture is monoplegia (see Chapter 13). When
anatomical localization between the spinal cord
and peripheral nerves is difficult, electromyog-
raphy and nerve conduction studies are useful
in making the distinction.

Cerebral abnormalities sometimes cause para-
plegia. In such a case, the child’s arms and legs
are usually weak. However, leg weakness is so
much greater than arm weakness that paraplegia
is the chief feature. It is important to remember
that both the brain and the spinal cord may be
abnormal and that the abnormalities can be in
continuity (syringomyelia) or separated (Chiari
malformation and myelomeningocele).
SPINAL PARAPLEGIA
AND QUADRIPLEGIA

Table 12-1 lists conditions that cause acute,
chronic, or progressive spinal paraplegia. In
the absence of trauma, spinal cord compression
and myelitis are the main causes of an acute
onset or rapidly progressive paraplegia. Spinal
cord compression from any cause is a medical
emergency requiring rapid diagnosis and ther-
apy to avoid permanent paraplegia. Corticoste-
roids have the same dehydrating effect on the
spinal cord as on the brain and provide transi-
tory decompression before surgery.

Several techniques are available to visualize
the spinal cord. Each has its place, and some-
times the use of more than one technique
achieves a comprehensive picture of the dis-
ease process. However, magnetic resonance
imaging (MRI) is clearly the diagnostic study
of choice to visualize the spine and is used
first. Computed tomography and radioisotope
bone scanning are useful for visualizing the
vertebral column, especially when osteomyeli-
tis is a consideration. Isotope bone scans local-
ize the process but rarely provide a cause.

Symptoms and Signs

Clumsiness of gait, refusal to stand or walk, and
loss of bladder or bowel control are the common
features of spinal paraplegia. Clumsiness of gait
is the usual feature of slowly progressive disor-
ders. When functional decline is sufficiently
insidious, the disturbance may go on for years
without raising concern. Refusal to stand or walk
is a symptom of an acute process. When a young
child refuses to support weight, the underlying
cause may be weakness, pain, or both.

Scoliosis is a feature of many spinal cord dis-
orders. It occurs with neural tube defects, spinal
cord tumors, and several degenerative disor-
ders. It also occurs when the paraspinal muscles
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Table 12-1 Spinal Paraplegia

Congenital Malformations

Arachnoid cyst
Arteriovenous malformations
Atlantoaxial dislocation
Caudal regression syndrome
Chiari malformation
Dysraphic states
Myelomeningocele
Tethered spinal cord
Syringomyelia (see Chapter 9)

Familial Spastic Paraplegia

Autosomal dominant
Autosomal recessive
X-linked recessive

Infections

Asthmatic amyotrophy (see Chapter 13)
Diskitis
Epidural abscess
Herpes zoster myelitis
Polyradiculoneuropathy (see Chapter 7)
Tuberculous osteomyelitis

Lupus Myelopathy

Metabolic Disorders

Adrenomyeloneuropathy (adrenoleukodystrophy)
Argininemia
Krabbe disease

Neonatal Cord Infarction

Transverse Myelitis

Devic disease
Encephalomyelitis
Idiopathic

Trauma

Concussion
Epidural hematoma
Fracture dislocation

Neonatal Cord Trauma (see Chapter 6)

Tumors

Astrocytoma
Ependymoma
Ewing sarcoma
Neuroblastoma
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are weaker on one side of the spine. The pres-
ence of scoliosis, in females before puberty and
in males of all ages, should strongly suggest
either a spinal cord disorder or a neuromuscu-
lar disease (see Chapters 6 and 7).

Abnormalities in the skin overlying the spine,
such as an abnormal tuft of hair, pigmentation, a
sinus opening, or amass, may indicate an under-
lying dysraphic state. Spina bifida is usually an
associated feature.

Foot deformities and especially stunted
growth of a limb are malevolent signs of lower
spinal cord dysfunction. The usual deformity
is foreshortening of the foot, called pes cavus.
In such cases, disturbances of bladder control
are often an associated feature.

Brief and irregular contractions of small
groups of muscles that persist during sleep
characterize spinal myoclonus. The myoclonic
contractions are often mistaken for seizure
activity or fasciculations. The cause of myoc-
lonus is irritation of pools of motor neurons
and interneurons, usually by an intramedul-
lary tumor or syrinx. The dermatomal distri-
bution of the myoclonus localizes the site of
irritation within the spinal cord.
Congenital Malformations

Some congenital malformations, such as cau-
dal regression syndrome and myelomeningo-
cele, are obvious at birth. Many others do not
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cause symptoms until adolescence or later.
Congenital malformations are always a consid-
eration when progressive paraplegia appears
in childhood.
Arachnoid Cysts

Arachnoid cysts of the spinal cord, like those
of the brain (see Chapter 4), are usually
asymptomatic and discovered incidentally on
imaging studies. Familial cases should suggest
neurofibromatosis type 2 (see Chapter 5).

Clinical Features. Arachnoid cysts may be single
or multiple and are usually thoracic. Symptom-
atic arachnoid cysts are unusual in childhood
and encountered more often in adolescents
and young adults. The features are back or
radicular pain and paraplegia. Standing intensi-
fies symptoms, and changes in position may
relieve or exacerbate symptoms. The pain tends
to increase in severity with time.

Diagnosis. MRI is the diagnostic modality of
choice. The cyst has the same MRI characteris-
tics as cerebrospinal fluid.

Management. Shunting of a symptomatic cyst is
curative. However, it is common to blame a
subarachnoid cyst for symptoms that have
another cause.
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Arteriovenous Malformations

Arteriovenous malformations of the spinal
cord are uncommon in childhood. No cases
report infantile onset, and few begin before
age 5.

Clinical Features. The progression of symp-
toms is usually insidious, and the time from
onset to diagnosis may be several years. Sub-
acute or chronic pain is the initial feature in
one third of patients and subarachnoid hem-
orrhage in one fourth. Paraplegia is an early
feature in only one third, but monoplegia or
paraplegia is present in almost all children at
the time of diagnosis. Most children have a
slowly progressive spastic paraplegia and loss
of bladder control.

When subarachnoid hemorrhage is the
initial feature, the malformation is more
likely to be in the cervical portion of the spi-
nal cord. Blunt trauma to the spine may be a
precipitating factor. The onset of paraplegia
or quadriplegia is then acute and associated
with back pain. Back pain and episodic weak-
ness that improve completely or in part may
be initial features in some children, but
impairment is progressive. This type of pre-
sentation is misleading, and the diagnosis is
often delayed.

Diagnosis. MRI is the first step in diagnosis.
It distinguishes intramedullary from dural
and extramedullary locations of the mal-
formation and even allows recognition of
thrombus formation. Arteriography is still
necessary to demonstrate the intramedullary
extent of the malformation and all the feed-
ing vessels.

Management. The potential approaches to ther-
apy for intraspinal and intracranial malforma-
tions are similar (see Chapter 4).

Atlantoaxial Dislocation

The odontoid process is the major factor pre-
venting dislocation of C1 onto C2. Aplasia of
the odontoid process can occur alone or as part
of Morquio syndrome, other mucopolysaccha-
ridoses, Klippel-Feil syndrome (see Chapter 18),
several types of genetic chondrodysplasia, and
some chromosomal abnormalities (Crockard
and Stevens, 1995). Asymptomatic atlantoaxial
subluxation may occur in 20% of children
with Down syndrome secondary to congenital
hypoplasia of the articulation of C1 and C2;
symptomatic dislocation is much less common.
Clinical Features. Congenital atlantoaxial dislo-
cation produces an acute or slowly progressive
quadriplegia that may begin anytime from the
neonatal period to adulthood. When the onset
is in a newborn, the clinical features resemble
an acute infantile spinal muscular atrophy
(see Chapter 6). The infant has generalized
hypotonia with preservation of facial expres-
sion and extraocular movement. The tendon
reflexes are absent at first but then become
hyperactive.

Dislocations during childhood frequently
follow a fall or head injury. In such cases,
symptoms may begin suddenly and include
not only those of myelopathy but also those
related to vertebral artery occlusion.

Morquio syndrome is primarily a disease of the
skeleton, with only secondary abnormalities of
the spinal cord. Beginning in the second year
or thereafter, the following features develop
in affected children: prominent ribs and
sternum, knock-knees, progressive shortening
of the neck, and dwarfism. The odontoid pro-
cess is aplastic or absent. Acute, subacute, or
chronic cervical myelopathy develops, some-
times precipitated by a fall. Loss of endurance,
fainting attacks, and a pins and needles sensa-
tion in the arms characterize an insidious onset
of symptoms.

The essential feature of the Klippel-Feil syn-
drome is a decreased number and abnormal
fusion of cervical vertebrae. As in Morquio syn-
drome, the head appears to rest directly on
the shoulders, the posterior hairline is low,
and movement in all directions is limited. Ele-
vation of the scapulae and deformity of the ribs
(Sprengel deformity) are often present. Weak-
ness and atrophy of the arm muscles and
mirror movements of the hands are features
of evolving paraplegia. Associated abnormal-
ities may be present in several different organ
systems.

Symptomatic atlantoaxial dislocation in
children with Down syndrome may occur any-
time from infancy to the twenties. Females
are more often affected than are males. Symp-
toms include neck pain, torticollis, and an
abnormal gait. Spinal cord compression is pro-
gressive and leads to quadriplegia and urinary
incontinence.

Diagnosis. C1 usually moves anteriorly to C2.
Flexion radiographs assess the separation
between the dens and the anterior arch of C1.
MRI is best to view the relationship between
the cord and the subluxing bones. Lateral
radiographs of the cervical portion of the spine
in extension and flexion may show atlantoaxial
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instability, but computed tomography provides
better documentation of instability.

Management. Surgical stabilization of the atlan-
toaxial junction is a consideration in any child
with evidence of spinal cord compression.
The choice of surgical procedure depends on
the mechanism of compression.

Caudal Regression Syndrome

The term caudal regression syndrome covers sev-
eral malformations of the caudal spine that
range from sacral agenesis to sirenomelia,
in which only one leg is present. An under-
standing of the mechanism of caudal regres-
sion is incomplete, but some cases are clearly
genetic in origin, whereas approximately
20% of mothers of children with caudal dys-
genesis have insulin-dependent diabetes melli-
tus (Lynch et al, 2000). Although the name
implies regression of a normally formed cord,
defects in neural tube closure and prosen-
cephalization are often associated features.
The risk of caudal regression is greater among
infants of diabetic mothers. The clinical spec-
trum varies from absence of the lumbosacral
spinal cord, resulting in small, paralyzed legs,
to a single malformed leg associated with mal-
formations of the rectum and genitourinary
tract.

Chiari Malformation

Type I Chiari malformation is elongation of the
cerebellar vermis with herniation of its caudal
end through the foramen magnum. Type II
Chiari malformation combines the cerebellar
herniation with distortion and dysplasia of the
medulla and occurs in more than 50% of chil-
dren with lumbar myelomeningocele. The her-
niated portion may become ischemic and
necrotic and can cause compression of the
brainstem and upper cervical spinal cord.

Ectopic expression of a segmentation gene
in the rhombomeres may explain the Chiari
malformation and also the brainstem anoma-
lies, the myelodysplasia, and the defective
bone formation that results in a small poste-
rior fossa (Sarnat, 2003).

Clinical Features. Most Chiari I malformations
are discovered as an incidental finding on
MRI ordered because of headache. The malfor-
mation is rarely the cause of the headache. The
initial features of a symptomatic Chiari malfor-
mation are usually insidious. Oropharyngeal
dysfunction is a presenting feature in 35% of
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children younger than 6 years of age, followed
by scoliosis (23%) and head and neck pain
(23%) (Greenlee et al, 2002). Among older
children, headache and neck pain are the first
features in 38% and weakness in 56%. Eighty
percent show motor deficits on examination,
usually atrophy and hyporeflexia in the arms
and spasticity and hyperreflexia in the legs.
Sensory loss and scoliosis are each present in
half of cases.

Type II Chiari malformation is suspect in
every child with myelomeningocele. In most
cases, the cerebellar displacement is asymp-
tomatic. The cause of hydrocephalus may be
aqueductal stenosis or an obstruction of the
outflow of cerebrospinal fluid from the fourth
ventricle due to herniation. Respiratory dis-
tress is the most important feature of the
Chiari malformation and the usual cause of
death. Rapid respirations, episodes of apnea,
and Cheyne-Stokes respirations may occur.
Other evidence of brainstem compression is
poor feeding, vomiting, dysphagia, and paraly-
sis of the tongue. Sudden cardiorespiratory
failure is the usual cause of death.

Diagnosis. MRI is the best method to visualize
the posterior fossa and cervical cord. Com-
puted tomography is useful to further delin-
eate bony abnormalities.

Management. Posterior fossa decompression is
the usual technique to manage newborns with
myelomeningocele and respiratory distress
caused by the Chiari malformation. Unfortu-
nately, the results are not encouraging. Poste-
rior fossa decompression is usually successful
in relieving symptoms of cord compression in
older children without myelomeningocele. A
ventriculoperitoneal shunt may be required
as well.

Myelomeningocele

Dysraphia constitutes all defects in the closure
of the neural tube and its coverings. Closure
occurs during the third and fourth weeks of
gestation. The mesoderm surrounding the
neural tube gives rise to the dura, skull, and
vertebrae, but not the skin. Therefore, defects
in the final closure of the neural tube and its
mesodermal case do not preclude the pres-
ence of a dermal covering.

Despite extensive epidemiological studies,
the causes of myelomeningocele remain
unknown. Causes are likely to be multifac-
torial, including both genetic and environ-
mental factors. Because women who have
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previously had a child with dysraphia have an
approximate 2% risk of recurrence, prenatal
diagnosis is available to prevent repetition.

a-Fetoprotein, the principal plasma protein
of the fetus, is present in amniotic fluid. The
concentration of a-fetoprotein in the amniotic
fluid increases when plasma proteins exude
through a skin defect. Prenatal diagnosis is
possible in every case by the combination of
measuring the maternal serum concentration
of a-fetoprotein and ultrasound examination
of the fetus.

The incidence of dysraphic defects has been
decreasing in the United States and the United
Kingdom. Antenatal screening alone does not
explain the decline; changes in critical environ-
mental factors may be important. Because the
ingestion of folic acid supplements during early
pregnancy decreases the incidence of neural
tube defects, the consumption of 0.4 mg/day
of folic acid is advisable for all women of
childbearing age. Women with a history of
delivering a child with a neural tube defect
should take 4 mg/day of folic acid from at least
4 weeks before the conception through the first
3 months of pregnancy.

Clinical Features. Spina bifida cystica, the pro-
trusion of a cystic mass through the defect, is
an obvious deformity of the newborn’s spine.
More than 90% are thoracolumbar. Among
newborns with spina bifida cystica, the pro-
truding sac is a meningocele without neural
elements in 10% to 20% and is a myelomenin-
gocele in the rest. Meningoceles tend to have
a partial dermal covering and are often pedun-
culated, with a narrow base connecting the
sac to the underlying spinal cord. Myelome-
ningoceles usually have a broad base, lack epi-
thelial covering, and ooze a combination of
cerebrospinal fluid and serum. Portions of
the dome contain exposed remnants of the
spinal cord.

In newborns with spina bifida cystica, it is
important to determine the extent of neurologi-
cal dysfunction caused by the myelopathy, the
potential for thedevelopment ofhydrocephalus,
and the presence of other malformations in the
nervous system and in other organs. When mye-
lomeningocele is the only deformity, the new-
born is alert and responsive and has no
difficulty in feeding. Diminished consciousness
or responsiveness and difficulty in feeding
should suggest perinatal asphyxia or cerebral
malformations such as hydrocephalus. Cyanosis,
pallor, or dyspnea suggests associatedmalforma-
tions in the cardiovascular system. Multiple
major defects are present in 27% of cases.
The spinal segments involved can be deter-
mined by locating the myelomeningocele with
reference to the ribs and iliac crest. Several
patterns of motor dysfunction are observable
depending on the cyst’s location. Motor dysfunc-
tion results from interruption of the corticospinal
tracts and from dysgenesis of the segmental
innervation. At birth, the legs are flaccid and the
hips are dislocated. Spastic paraplegia, a spastic
bladder, and a level of sensory loss develop in
infants with a thoracic lesion. Segmental with-
drawal reflexes below the level of the lesion,
which indicate the presence of an intact but
isolated spinal cord segment below the cyst, are
present in half of patients. Infants with deformi-
ties of the conus medullaris maintain a flaccid
paraplegia, have lumbosacral sensory loss, lack a
withdrawal response in the legs, and have a dis-
tended bladder with overflow incontinence.

Only 15% of newborns with myelomeningo-
cele have clinical evidence of hydrocephalus at
birth, but ultrasonography detects hydroceph-
alus in 60% of affected newborns. Hydroceph-
alus eventually develops in 80%. The first
clinical features of hydrocephalus often follow
the repair of the myelomeningocele, but the
two are not related. Aqueductal stenosis is
the cause of hydrocephalus in three fourths
of infants with myelomeningocele.

Diagnosis. Examination alone establishes the
diagnosis of spina bifida cystica. Electromyogra-
phy may be useful to clarify the distribution of
segmental dysfunction. Cranial ultrasonography
to look for hydrocephalus is required for every
newborn. MRI is useful to define malformations
of the brain, especially a Chiari malformation
(see Fig. 10-5). Therapeutic decisions may
require such information. Even in the absence
of hydrocephalus at birth, repeat ultrasound
examinations in 2 to 4weeks are required to eval-
uate ventricular size.

Management. The chance of surviving the first
year is poor without back closure shortly postpar-
tum. However, closure is not a surgical emer-
gency, and delaying surgery a week or more
does not influence the survival rate. Other factors
associated with increasedmortality are a high spi-
nal location of the defect and clinical hydroceph-
alus at birth. The long-term outcome depends on
the degree of mental retardation and the neuro-
logical deficit from the spinal defect.

Tethered Spinal Cord

A thickened filum terminale, a lipoma, a dermal
sinus, or diastematomyelia may anchor the
271



Chapter 12 Paraplegia and Quadriplegia
conus medullaris to the base of the vertebrae.
Spina bifida occulta is usually an associated fea-
ture. As the child grows, the tether causes the
spinal cord to stretch and the lumbosacral seg-
ments to become ischemic. The mitochondrial
oxidative metabolism of neurons is impaired,
and neurological dysfunction follows.

Dermal sinus is a midline opening of the
skin usually marked by a tuft of hair or port-
wine stain. An abnormal invagination of ecto-
derm into the posterior closure site of the
neural tube causes the problem. Most sinuses
terminate subcutaneously as a blind pouch or
dermoid cyst. Others extend through a spina
bifida to the developing neuraxis, at which
point they attach to the dura or the spinal
cord as a fibrous band or dermoid cyst. Such
sinuses tether the spinal cord and serve as a
route for bacteria from the skin to reach the
subarachnoid space and cause meningitis.

Diastematomyelia consists of a bifid spinal
cord (also called diplomyelia) that is normal
in the cervical and upper thoracic regions and
then divides into lateral halves (Fig. 12-1). Two
types of diastematomyelia occur with equal fre-
quency. In one type, a dural sheath surrounds
each half of the cord and a fibrous or bony sep-
tum separates the two halves. Once the cord
separates, it never rejoins. In the other type, a
single dural sheath surrounds both halves and
a septum is not present. The two halves rejoin
after one or two segments. Therefore, the cause
of spinal cord splitting is not the presence of a
septum, but rather a primary disturbance in
the formation of luminal borders caused by
faulty closure of the neural tube. It is usually
associated with other dysraphic disturbances
such as spina bifida occulta or cystica.

Clinical Features. The initial features of a teth-
ered spinal cord occur at any age from infancy
to young adulthood. The clinical features vary
with age. External signs of spinal dysraphism
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(tuft of hair, subcutaneous lipoma, and der-
mal sinus) are present in more than half of
patients, and spina bifida occulta or sacral
deformity is present in almost 90%.

Infants and young children are most likely
to show clumsiness of gait, stunted growth,
deformity of one foot or leg, and disturbances
in bladder function. These may occur alone
or in combination. Consequently, the first spe-
cialist consulted may be an orthopedic sur-
geon, urologist, neurologist, or neurosurgeon.
The progression of symptoms and signs is insid-
ious, and a static problem is the first diagnosis
in most children. Children with only a clumsy
gait or disturbances in urinary control tend to
have normal or exaggerated tendon reflexes
and an extensor plantar response. In some
children, diminished or absent ankle tendon
reflexes are noted on one or both sides. Chil-
dren with foot deformity usually have pes cavus
and stunted growth of the entire leg. The other
leg may appear normal or have a milder defor-
mity without a growth disturbance. Diminished
tendon reflexes in the deformed foot are more
likely than increased reflexes.

The initial feature of a tethered spinal cord
in older children and adolescents is either
clumsiness of gait or scoliosis. Bilateral but
mild foot deformities are sometimes present,
and urinary incontinence and constipation
are reported. Exaggerated knee and ankle ten-
don reflexes are usual, and the plantar
response is usually extensor.

Diagnosis. Electromyography is not a useful
screening procedure because the results are
usually abnormal. Radiographs of the spine
may show spina bifida, but MRI is the appro-
priate diagnostic study and is particularly use-
ful in the detection of lumbosacral lipoma.
The essential feature of a tethered spinal cord
is a low-lying conus medullaris. At 28 weeks’
gestation, the tip of the conus is at the L3
Figure 12-1 Diplomyelia. MRI
shows two cords with two cen-
tral canals. Longitudinal section
shows an enlarged segment
with a cystic center.
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vertebral level. It generally rises one level by 40
weeks’ gestation. A conus that extends below
the L2 to L3 interspace in children 5 years
and older is always abnormal.

Management. Surgical relief of the tethering
prevents further deterioration of neurological
function and improves preexisting deficits in
up to 50% of children (Cornette et al, 1998).
Hereditary Spastic Paraplegia

Hereditary spastic paraplegia (HSP) is a het-
erogeneous group of genetic disorders in
which the prominent clinical feature is pro-
gressive spastic paraplegia. Some families have
pure or uncomplicated HSP, in which neurologi-
cal impairment is limited to progressive spastic
paraplegia, a hypertonic urinary bladder dis-
turbance, and mild diminution of vibration
and position sense. Others have complicated or
complex HSP in which the spastic paraplegia is
associated with other neurological findings
such as seizures, dementia, amyotrophy, extra-
pyramidal disturbance, and peripheral neu-
ropathy (Fink, 2008). Genetic transmission of
HSP is by autosomal dominant inheritance in
70% of cases and by autosomal recessive inher-
itance in 25%. Genetic heterogeneity exists
even within the dominant and recessive forms.
The X-linked form is uncommon, usually con-
genital, and usually complicated.

Autosomal Dominant Inheritance

Children with autosomal dominant spastic
paraplegia may have pure or complicated spas-
tic paraplegia.

Clinical Features. The age at onset ranges from
infancy to 68 years (mean, 29 years). Early-
and late-onset cases may occur among mem-
bers of the same family. Motor milestones are
normal in affected infants except for toe
walking. Frequently, the diagnosis in such chil-
dren is cerebral palsy (CP), especially if the
affected parent is asymptomatic or has only a
mildly stiff gait. Increased tone is more promi-
nent than weakness. Tone increases slowly for
10 years and then stabilizes. At this point, the
child may have minimal stiffness of gait or be
unable to stand or walk.

Usually, tendon reflexes are brisk in the legs
and arms, and ankle clonus may be present.
Occasional children with absent or diminished
ankle tendon reflex have an associated axonal
neuropathy. Increased reflexes are usually the
only sign of involvement of the arms. Vibratory
and position sense are diminished in half of
patients. Urinary symptoms, usually in the form
of frequency and urgency, and pes cavus defor-
mities each occur in one third of affected
children.
Diagnosis. Familial spastic paraplegia is difficult
to diagnose in the absence of a family history of
the defect, and it then becomes a diagnosis of
exclusion. This is especially true in children in
whom dominant transmission is usual. MRI of
the brain and spinal cord is usually normal.
The differential diagnosis includes multiple
sclerosis, structural abnormalities involving the
spinal cord, vitamin B12 deficiency, adrenomye-
loneuropathy and other leukodystrophies, and
dopa-responsive dystonia. The diagnosis of HSP
is suspected in any child with very slowly pro-
gressive spastic paraplegia. Laboratory studies
are not helpful except to exclude other condi-
tions such as spinal cord compression, adreno-
leukodystrophy, and argininemia. DNA-based
diagnosis is available for almost all subtypes.
Management. Many centers use Botox (botuli-
num toxin A) injections to relieve spasticity.
My own experience with Botox is less than
enthusiastic. Many require ankle-foot orthoses
to improve gait. Treatment is not available for
the underlying condition.
Autosomal Recessive Inheritance

Autosomal recessive inheritance of HSP may
be pure or complicated. Both forms are genet-
ically heterogeneous. Fifteen to 20% of the
total cases are autosomal recessive. (Hedera
and Bandmann, 2008).

Clinical Features. Spastic paraplegia may begin
during infancy or be delayed until adolescence.
Involvement of other neurological systems
follows. The common associated features, alone
or in combination, include cerebellar dysfunc-
tion, pseudobulbar palsy, sensory neuropathy,
and pes cavus.

Children with sensory neuropathy lose the
once hyperactive tendon reflexes in the legs.
Some show developmental delay and never
achieve bladder control. When sensory loss is
progressive, the symptoms resemble those of
familial sensory neuropathies described in
Chapter 9. The outcome varies from mild dis-
ability to wheelchair confinement.
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Diagnosis. In the absence of a family history,
the course of disease may suggest CP until
the progressive nature of the spasticity is
recognized. Sensory neuropathy with mutila-
tion of digits may lead to the erroneous
diagnosis of syringomyelia. Laboratory tests
are useful only to exclude other diagnoses.
Argininemia, a treatable cause of autosomal
recessive progressive spastic paraplegia, is a
consideration (Cederbaum and Crombez,
2007).

Management. No treatment is available for the
underlying defect, but the sensory neuropathy
requires supportive care (see Chapter 9).
Figure 12-2 Diskitis. MRI reveals collapse of the
disk space (arrow) and demineralization of the
adjoining vertebral bodies.
Infections

Primary myelitis from acquired immunodefi-
ciency syndrome is uncommon in children and
not discussed in this section.

Diskitis (Disk Space Infection)

Disk space infection is a relatively uncommon
disorder of childhood in which one disk space
is infected secondary to subacute osteomyelitis
of the adjacent vertebral bodies. The cause is
bacterial infection. Staphylococcus aureus is the
organism most often grown on culture of disk
material removed by needle biopsy and is
probably the major cause. The same organism
is rarely isolated from cultures of the blood;
however, because the infection is subacute,
cultures are rarely positive, and biopsy is
unnecessary.

Clinical Features. The initial feature is either
difficulty walking or back pain. Difficulty walk-
ing occurs almost exclusively in children less
than 3 years of age. The typical child has a
low-grade or no fever, is observed to be limp-
ing, and may refuse to stand or walk. This
symptom complex evolves over 24 to 48 hours.
Affected children prefer to lie on their sides
rather than to rest supine, resist standing,
and then seem uncomfortable and walk with
a shuffling gait. Examination shows loss of
lumbar lordosis and absolute resistance to
flexion of the spine. The hips or back is some-
times tender.

Pain as an initial feature occurs more often
after 3 years of age. The pain may be abdomi-
nal or vertebral. When abdominal, the pain
gradually increases in intensity and may radi-
ate from the epigastrium to the umbilicus or
pelvis. Abdominal pain in association with
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low-grade fever and an increased peripheral
white blood cell count invariably suggests the
possibility of appendicitis or other intra-abdom-
inal disease. Fortunately, abdominal pain is the
least common presenting feature.

Back pain is the most common symptom.
Older children may indicate a specific area of
pain and tenderness. Younger childrenmay have
only an abnormal posture intended to splint the
painful area. Back pain usually leads to a prompt
diagnosis because attention is immediately
directed to the spine. Examination reveals loss
of lumbar lordosis and decreased movement of
the spine, especially flexion.

Diagnosis. Disk space infection is a consider-
ation in all children who have sudden back
pain or refuse to walk and in whom neurolog-
ical findings are normal. Strength, tone, and
tendon reflexes in the legs are normal. Radio-
graphs of the spine reveal narrowing of the
affected intervertebral space, most often in
the lumbar region but sometimes as high as
the C5 to C6 positions. MRI is the best method
to demonstrate inflammation within the disk.
It shows osteomyelitis of the surrounding ver-
tebrae as well as of the disk space (Fig. 12-2).

Management. Antibiotics are effective in treating
the infection. As soon as diagnostic confirma-
tion has been completed, initiate intravenous
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antistaphylococcal antibiotics. After 2 to 5 days,
use the oral route of antibiotic therapy and then
continue treatment on an outpatient basis. Immo-
bilization is not necessary because the children
are nearly asymptomatic when discharged from
the hospital.

Herpes Zoster Myelitis

Immunosuppressed individuals may experi-
ence reactivation of the varicella-zoster virus
that had been latent in sensory ganglia after
primary chickenpox infection.

Clinical Features. The spinal cord becomes
involved within 3 weeks after a truncal rash
appears. The myelopathy usually progresses
for 3 weeks, but progression may last as long as
6 months in individuals with acquired immuno-
deficiency syndrome. Cord involvement is
bilateral in 80% of cases.

Diagnosis. Diagnosis depends on recognition
of the characteristic herpetic rash at the der-
matomal level of the myelitis. Unfortunately,
myelitis sometimes precedes the onset of rash.
Images of the spine are required to exclude
other causes. The cerebrospinal fluid shows
pleocytosis and increased protein that is great-
est at the time of maximal neurological deficit.

Management. Treatment with corticosteroids
and acyclovir is a standard practice, although
their benefit is uncertain.

Tuberculous Osteomyelitis

Tuberculosis causes vertebral infection by hema-
togenous dissemination. Any level of the verte-
bral column may be affected. The infection
usually begins in one vertebral body and then
spreads to adjacent vertebrae and the surround-
ing soft tissue. Fewer than 20% of patients with
tuberculous osteomyelitis have symptoms of spi-
nal cord dysfunction. The pathophysiological
mechanisms include epidural abscess, arteritis,
and vertebral collapse. In addition, tuberculous
granuloma of the spine may occur in the
absence of vertebral disease.

Clinical Features. Tuberculosis of the vertebrae
and spine is primarily a disease of children
and young adults. Young children with verte-
bral osteomyelitis not extending to the spinal
cord may refuse to walk because of pain, and
their symptoms may mimic paraplegia. The
prominent features are fever, anorexia, and
back pain. In children younger than 10 years
of age, infection is generally diffuse, affecting
several vertebrae and adjacent tissues. Older
children tend to have localized infection, but
with a higher incidence of spinal cord com-
pression. The symptoms and signs of spinal
cord compression from tuberculosis are simi-
lar to those described for epidural abscess,
except that progression is slower.

Diagnosis. The cerebrospinal fluid is usually
under pressure and shows pleocytosis, with poly-
morphonuclear leukocytes predominating
early in the course and lymphocytes predomi-
nating in the later stages. The total cell count
rarely exceeds 500 cells/mm3. Protein concen-
trations are increased, and glucose concentra-
tions are decreased. Stained smears show
acid-fast organisms, and the organisms can be
isolated on cultures of the cerebrospinal fluid.

Early stages of vertebral osteomyelitis can be
shown by a technetium bone scan or plain
radiographs. The search for contiguous abscess
requires MRI. As the disease progresses, radio-
graphs reveal collapse of adjacent vertebrae
and gibbus formation.

Management. Treatment of tuberculous osteo-
myelitis and that of meningitis are similar.
The recommended drug combinations are oral
isoniazid, intramuscular streptomycin, and oral
rifampin. Continue streptomycin and rifampin
therapy for 8 weeks after clinical improvement
is shown and continue isoniazid for 2 years
(Dutt and Stead, 1997).
Lupus Myelopathy

Transverse myelopathy is a rare complication
of systemic lupus erythematosus. The usual
features are back pain, rapidly progressive
paraplegia, and bowel and bladder dysfunc-
tion. Sensory loss is not a constant feature.
The protein concentration of the cerebrospi-
nal fluid is increased. Recovery is poor and
mortality is high.
Metabolic Disorders

Adrenomyeloneuropathy

Adrenomyeloneuropathy is the most com-
mon phenotype of adrenoleukodystrophy,
accounting for 40% to 50% of cases (Moser
et al, 2006). The etiology is impaired ability
to oxidize very-long-chain fatty acids (see
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Chapter 5). Genetic transmission is by X-
linked inheritance.

Clinical Features. Paraparesis begins after age
20 and is slowly progressive throughout adult
life. Intellectual impairment is usual, and pro-
longed survival is the rule (van Geel et al,
1997). Most patients develop Addison disease,
which predates the paraparesis almost half
of the time. A sensory neuropathy may be asso-
ciated. Approximately 20% of female heterozy-
gotes develop adrenomyeloneuropathy.

Diagnosis. Multiple sclerosis is a common mis-
diagnosis among female heterozygotes. The
demonstration of increased plasma concentra-
tions of very-long-chain fatty acids is essential
for diagnosis.

Management. Symptomatic males require reg-
ular assessment of adrenal function and cor-
ticosteroid replacement therapy for adrenal
insufficiency. Unfortunately, corticosteroid
replacement therapy has no effect on ner-
vous system involvement. Bone marrow
transplantation is an option for boys and
adolescents who are in early stages of symp-
toms with evidence of brain involvement on
MRI. Bone marrow transplantation carries a
20% risk of morbidity and mortality and is
not recommended for patients without MRI
evidence of brain involvement (Shapiro
et al, 2000). Dietary therapy and other phar-
macological agents have not proved to be
useful.

Arginase Deficiency

Argininase catalyzes the metabolism of argi-
nine to ornithine and urea in the urea cycle.
Arginase deficiency is the least common
of all urea cycle disturbances. Genetic trans-
mission is as an autosomal recessive trait
(Cederbaum and Crombez, 2007).

Clinical Features. Motor and cognitive develop-
ment slows in early childhood and then
regresses. Most children develop progressive
spastic paraplegia or quadriplegia. Other fea-
tures may include recurrent vomiting and
seizures.

Diagnosis. The serum concentration of argi-
nine is always increased, and 90% of children
have increased blood concentrations of ammo-
nia. Arginase is absent from red blood cells.
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Management. Dietary protein restriction may
slow the progression of the disorder and some-
times cause improvement.

Krabbe Disease

The early infantile form of Krabbe disease
(globoid leukodystrophy) causes psychomotor
regression (see Chapter 5) and a peripheral
neuropathy (see Chapter 7). The disorder is
due to mutations of the gene encoding glyco-
sylceramidase (GALC) at chromosome site
14q31 (Wenger, 2007).

A late-onset form of the disease, with onset
from childhood to adolescence, may show only
a pure spastic paraplegia or more often spastic
paraplegia and visual loss. Many patients with
late-onset disease are compound heterozygotes, hav-
ing one copy of two different mutations asso-
ciated with enzyme deficiency. Hematopoietic
stem cell transplantation in presymptomatic
infants and older individuals withmild symptoms
may improve and preserve cognitive function,
but peripheral nervous system function may
deteriorate. Allogeneic hematopoietic stem cell
transplantation slows the progress of late-onset
disease.
Neonatal Cord Infarction

Infarction of the spinal cord is a hazard in
newborns undergoing umbilical artery cathe-
terization. The artery of Adamkiewicz arises
from the aorta at the level of T10 to T12 and
is the major segmental artery to the thoraco-
lumbar spinal cord. Placing the catheter tip
between levels T8 and T11 may cause emboli-
zation of the artery, resulting in acute and
sometimes irreversible paraplegia. A similar
syndrome occurs among premature or small-
for-date newborns in the absence of catheteri-
zation. The mechanism in such cases is
unknown, but hypotension may be causal.
Transverse Myelitis

Transverse myelitis is an acute demyelinating
disorder of the spinal cord that evolves in
hours or days. The incidence is one to four
new cases per million people per year (Trans-
verse Myelitis Consortium Working Group,
2002). The age distribution shows peaks in
the second and fourth decades. It may occur
alone or in combination with demyelination
in other portions of the nervous system. The
association of transverse myelitis and optic
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neuritis is Devic disease; acute demyelination
throughout the neuraxis is diffuse encephalomy-
elitis. These terms are descriptive and do not
suggest an underlying cause.

Multiple sclerosis is usually suspect in adults
with transverse myelitis, although only 20%
eventually have other demyelinating lesions.
The symptoms of multiple sclerosis in child-
hood are as diverse as they are in adults (see
Chapter 10).

The belief is widely held by many specialists
that a previous infectious illness or immuniza-
tion causes transverse myelitis, and especially
encephalomyelitis, in children. No evidence
supports such a notion. School-age children
average four to six “viral” episodes annually.
Therefore, half of children with any illness
report a history of a viral infection within the
preceding 30 days. Similarly, despite several
case reports, no established cause-and-effect
relationship exists between any licensed vac-
cines and demyelinating disorders of the cen-
tral nervous system.

Clinical Features. Mean age at onset is 9 years.
Symptoms progress rapidly, attaining maximal
deficit within 2 days. The level of myelitis is
usually thoracic and demarcated by the sen-
sory loss. Asymmetrical leg weakness is com-
mon. The bladder fills and does not empty
voluntarily. Tendon reflexes may be increased
or decreased. Recovery begins after 6 days but
may be incomplete. Check visual acuity daily
because of the possibility of Devic disease. Fifty
percent of patients make a full recovery, 40%
have an incomplete recovery, and 10% do
not recover. Most resume walking, but many
continue to have sensory disturbances.

Several children have a relapsing myelitis in
which attacks of acute myelitis recur over
months or years. None will develop multiple
sclerosis or more disseminated disease. Recov-
ery after each attack may be complete.

Diagnosis. MRI of the spine excludes acute
cord compression and sometimes shows
swelling at the level of myelitis. Cranial MRI
excludes disease that is more widespread.
Cerebrospinal fluid pleocytosis, increased IgG
index, or gadolinium enhancement verifies
spinal cord inflammation.

Management. A corticosteroid is the recom-
mended treatment despite the absence of con-
trolled studies. The recommended protocol is
high-dose intravenous therapy followed by
tapering doses of prednisone.
Devic Disease (Neuromyelitis Optica)

Devic disease is a distinct disorder that occurs
mainly in children and may not be part of the
spectrum of multiple sclerosis. No cause is
determined in most children with Devic dis-
ease. A temporal association between pulmo-
nary tuberculosis and Devic disease occurs in
adolescents and adults. In these cases, the neu-
rological disease appears to be an immune
reaction to tuberculosis and not caused by
antituberculous therapy.

Clinical Features. A history of anorexia or a flu-
like syndrome a few days or a week before the first
neurological symptoms is common.The anorexia
and fever may be part of the acute demyelinating
illness rather than a viral infection. Myelitis pre-
cedes optic neuritis in 13%ofpatients and follows
it in 76%; myelitis and neuritis occur simulta-
neously in 10%. Optic neuritis and transverse
myelitis generally occur within 1 week of each
other. The child remains irritable while the neu-
rological symptoms are evolving.

Bilateral optic neuritis occurs in 80% of
patients (see Chapter 16). Diminished visual
acuity in both eyes may be present at onset,
or one eye may become affected before the
other. Loss of vision is acute and accompanied
by pain. Blindness is often complete within
hours. The results of the initial ophthalmo-
scopic examination may be normal, but more
often show swelling of the disk. The pupils
dilate and the light response is sluggish.

Back pain and leg discomfort herald myelitis.
The legs become weak, and the patient has diffi-
culty standing and walking. Paraplegia becomes
complete; it is first flaccid and then becomes
spastic. Tendon reflexes first diminish and later
become brisk and are associated with extensor
plantar responses. The bladder is spastic, and
the patient has overflow incontinence. In some
patients, a sensory level is detected, but more
often, the sensory deficit is patchy and difficult
to delineate in an irritable child. The course is
variable. Some patients develop an encephalo-
myelitis (see “Diffuse Encephalomyelitis”), some
have permanent paraplegia, and some have a
relapsing course with repeated episodes ofmyeli-
tis (Wingerchuk and Weinshenker, 2003). Most
children recover, but not always completely.

Diagnosis. MRI of the spine excludes spinal
cord compression syndrome, and MRI of the
head excludes other demyelinating lesions
(Fig. 12-3). The cerebrospinal fluid in chil-
dren with Devic disease is usually abnormal.
The protein content is slightly to moderately
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Figure 12-3 Demyelination of the spinal cord in
an adolescent girl with multiple sclerosis.

Chapter 12 Paraplegia and Quadriplegia
increased, and mixed pleocytosis of neutro-
phils and mononuclear cells is present.

Management. A course of corticosteroids is the
usual treatment for children with Devic dis-
ease. Although the value of corticosteroids is
not established, most physicians believe that
they are beneficial. The regimen is the same
as for diffuse encephalomyelitis. Bladder care
with intermittent catheterization is imperative,
as are measures to prevent bedsores and infec-
tion. The family and the child often need psy-
chological counseling.

Diffuse Encephalomyelitis

Discussion of diffuse encephalomyelitis is in
the section on Devic disease and in Chapter 2.
The major clinical difference from Devic dis-
ease is that both the cerebral hemispheres
and spinal cord are affected. Cerebral demye-
lination may precede, follow, or occur concur-
rently with the myelitis.

Clinical Features. In addition to the myelitis,
an encephalopathy characterized by decreased
consciousness, irritability, and spastic quadri-
plegia occurs. If the brainstem is affected, dys-
phagia, fever, cranial nerve palsies, and irregular
respiration are present.
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Diagnosis. MRI is required to appreciate the full
extent of demyelination. The cerebral hemi-
spheres, cerebellum, and brainstem contain
multiple white matter lesions that become con-
fluent (see Fig. 2-2). Measures of very-long-chain
fatty acids exclude adrenoleukodystrophy.

Management. Most authorities agree with the
use of corticosteroid treatment. Prednisone,
2 mg/kg/day (not to exceed 100 mg), or its
equivalent in a parenteral form is the initial
dose, which is then tapered over a 4-week
period, depending on the response. The
benefit of such a course of therapy is not
established, and some patients become corti-
costeroid dependent and relapse after stop-
ping prednisone. Such children require long-
term alternate-day therapy.
Trauma

Spinal cord injuries are relatively rare, espe-
cially before adolescence. The major cause is
motor vehicle accidents, followed by sports-
related injuries. The injuries affect the cer-
vical spinal cord in 65% of cases before 15
years of age and in 71% of cases before 9 years
of age. Fifteen percent of patients have inju-
ries at multiple levels. Neurological function
that is intact immediately after the injury
remains intact afterward. Even those with
incomplete function are likely to recover
completely. Evidence of complete transection
on initial examination indicates that paralysis
is permanent.
Compressed Vertebral Body Fractures

Clinical Features. Compression fractures of the
thoracolumbar region occur when a child
jumps or falls from a height greater than
10 feet and lands in a standing or sitting posi-
tion. Transection of the spinal cord has not
occurred, but spinal cord concussion may
cause paraplegia. Back pain at the fracture site
is immediate and intense. Nerve root compres-
sion causes pain that radiates into the groin
and legs.

Diagnosis. Thoracolumbar radiographs reveal
the fracture, and MRI of the spinal cord is
normal.

Management. Immobilization relieves the back
pain and promotes healing of the fracture.



Figure 12-4 Fracture-dislocation. C4 is dislocated
on C5, causing compression (arrow) of the cord.
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Fracture-Dislocation and Spinal Cord
Transection

Motor vehicle accidents are the usual cause of
spinal cord transection from fracture-disloca-
tion of the vertebral column injury. A forceful
flexion of the spine fractures the articular
facets and allows the vertebral body to move
forward or laterally, with consequent contu-
sion or transection of the spinal cord. The
common sites of traumatic transection are
the levels C1 to C2, C5 to C7, and T12 to L2.

Clinical Features. Neurological deficits at and
below the level of spinal cord contusion or tran-
section are immediate and profound. Many
children with fracture-dislocations sustained
head injuries at the time of trauma and are
unconscious.

Immediately after the injury, the child has
flaccid weakness of the limbs below the level
of the lesion associated with loss of tendon
and cutaneous reflexes (spinal shock). In high
cervical spinal cord lesions, eliciting the knee
and ankle tendon reflexes, anal reflex, and
plantar response may be possible during the
initial period of spinal shock. Spinal shock
lasts for approximately 1 week in infants and
young children and as long as 6 weeks in
adolescents.

First, the superficial reflexes return, then
the plantar response becomes one of exten-
sion, and finally massive withdrawal reflexes
(mass reflex) appear. Trivial stimulation of
the foot or leg triggers the mass reflex, usually
in a specific zone unique to the patient. At
first, the response is dorsiflexion of the foot,
flexion at the knees, and flexion and adduc-
tion at the thighs. Later, contractions of the
abdomen, sweating, piloerection, and empty-
ing of the bladder and bowel occur. During
this time of heightened reflex activity, the ten-
don reflexes return and become exaggerated.

Below the level of injury, sensation is lost to
a variable degree, depending on the complete-
ness of the transection. When the injury is
incomplete, sensation begins to return within
weeks and may continue to improve for as
long as 2 years. Patients with partial or com-
plete transections may report pain and tin-
gling below the level of injury. In addition to
the development of a small, spastic bladder,
autonomic dysfunction includes constipation,
lack of sweating, orthostatic hypotension, and
disturbed temperature regulation.

Diagnosis. Radiographs of the vertebrae read-
ily identify fracture-dislocations. Imaging of
the spinal cord produces further information
on the presence of compressive hematomas
and the structural integrity of the spinal cord
(Fig. 12-4). The presence of a complete block
on myelography indicates a poor prognosis
for return of function.

Management. The immediate treatment of frac-
ture-dislocation is to reduce the dislocation and
prevent further damage to the cord by the use
of corticosteroids, surgery, and immobilization.
An intravenous infusion of methylpredniso-
lone, 30 mg/kg within the first 8 hours after
injury followed by 4 mg/kg/hr for 23 hours,
significantly reduces neurological morbidity.
A discussion of the long-term management of
spinal cord injuries is beyond the scope of this
text. Specialized centers provide the best
results.

Spinal Cord Concussion

A direct blow on the back may produce a tran-
sitory disturbance in spinal cord function. The
cause of dysfunction is edema (spinal shock);
the spinal cord is intact.

Clinical Features. Most injuries occur at the
level of the cervical cord or the thoracolumbar
juncture. The major clinical features are flac-
cid paraplegia or quadriplegia, a sensory level
at the site of injury, loss of tendon reflexes,
and urinary retention. Recovery begins within
a few hours and is complete within a week.
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Diagnosis. At the onset of weakness, a spinal
cord compression syndrome, such as epidural
hematomas, is a consideration, and an imag-
ing study of the spine is necessary.

Management. The indications for methylpred-
nisolone treatment are given in “Fracture-
Dislocation and Spinal Cord Transection.”

Spinal Epidural Hematoma

Spinal epidural hematoma usually results from
direct vertebral trauma and is especially com-
mon in children with an underlying bleeding
tendency. The hematoma causes symptoms
by progressive compression of the cord, and
the clinical features are like those of any other
extradural mass lesion. MRI findings are usu-
ally the basis for diagnosis. Treatment is surgi-
cal evacuation.
Figure 12-5 Astrocytoma of the cervical cord. The
tumor demonstrates an intense signal (arrows) on
T2-weighted MRIs.
Tumors of the Spinal Cord

Ewing sarcoma accounts for nearly 20% of
cases of spinal cord compression in children
older than 5 years of age, whereas neuroblas-
toma is the most common cause in younger
children. Astrocytoma and ependymoma are
the main primary tumors. Motor deficits, usu-
ally paraplegia, are an early feature in 86% of
spinal cord tumors, and back pain occurs
63% of cases.

Astrocytoma

Chapter 9 discusses the problems of differentiat-
ing cystic astrocytoma of the spinal cord from
syringomyelia (see the section on Syringomyelia
in Chapter 9).

Clinical Features. Astrocytomas are usually long
and may extend from the lower brainstem to
the conus medullaris. The initial features of
multiple-segment spinal astrocytomas may
occur in the arms or legs. Weakness of one
arm is characteristic of one syndrome. Pain in
the neck may be associated, but bowel and
bladder function is normal. Examination shows
mild spastic weakness of the legs. The solid por-
tion of the tumor is in the neck, and its caudal
extension is cystic.

Progressive spastic paraplegia, sometimes
associated with thoracic pain, characterizes a
second syndrome. Scoliosis may be associated.
In these patients, the solid portion of the
tumor is in the thoracic or lumbar region.
When solid tumor extends into the conus
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medullaris, tendon reflexes in the legs may
be diminished or absent, and bowel and blad-
der function is impaired.

Intra-axial tumors of the cervicomedullary
junction are often low grade and have an indo-
lent course. They may cause cranial nerve dys-
function or spinal cord compression. Difficulty
swallowing and nasal speech are the main
features of cranial nerve dysfunction (see
Chapter 17).

Diagnosis. MRI is the definitive diagnostic
study. It allows visualization of both the solid
and cystic portions of the tumor (Fig. 12-5).

Management. The evaluation of proposed
treatment options is difficult because the
natural history of the tumor is one of slow
progression. The 5-year survival rate with
low-grade astrocytoma is greater than 90%.
Complete resection should be attempted
using a microsurgical technique. Remove
the solid portion and aspirate the cystic por-
tion. MRI is repeated 1, 6, and 12 months
after surgery. The benefits of radiation ther-
apy, either after resection or at the time of
recurrence, are not established.
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Ependymoma

Ependymomas are composed primarily of
ependymal cells and arise from the lining of
the ventricular system or central canal. They
are more often intracranial than intraspinal in
children. When intraspinal, they tend to be
located in the lumbar region or in the cauda
equina, but may occur anywhere along the
neuraxis.

Clinical Features. Clinical features vary with the
location of the tumor. The initial feature may
be scoliosis, pain in the legs or back, paresthe-
sia, or weakness in one or both legs. Delay in
diagnosis is frequent when scoliosis is the only
sign. Eventually, all children have difficulty
walking, and this feature usually leads to appro-
priate diagnostic testing.

Stiff neck and cervical pain that is worse at
night are the early features of cervical epen-
dymomas. Tumors of the cauda equina may
sometimes rupture and produce meningismus,
fever, and pleocytosis mimicking bacterial men-
ingitis. Spastic paraplegia is the usual finding
on examination. Cervical tumors cause weak-
ness of one arm as well. Tumors of the cauda
equina produce flaccid weakness and atrophy
of leg muscles associated with loss of tendon
reflexes.

Diagnosis. MRI is the primarymodality for imag-
ing tumors of the spinal cord. Lumbar punc-
ture, when indicated, shows increased protein
content in the cerebrospinal fluid.

Management. Microsurgical techniques make
possible the complete removal of intramedul-
lary ependymomas. The role of postoperative
local radiation therapy in treating benign
tumors is uncertain. Malignant ependymomas
of the spinal cord are unusual in children,
but require total neuraxis irradiation when
present.

Neuroblastoma

Neuroblastoma is the most common extracra-
nial solid tumor of infancy and childhood.
Neurological dysfunction results from direct
invasion, metastasis, and distant humoral
effects (see Chapter 10). Half of cases occur
before 2 years of age and 60% occur before
1 year. The derivation of neuroblastoma is
cells of the sympathetic chain and cranial
ganglia. Tumors in a paraspinal location may
extend through a neural foramen and compress
the spinal cord.
Clinical Features. Paraplegia is the initial mani-
festation of neuroblastoma extending into the
epidural space from a paravertebral origin.
Because most affected children are infants,
the first symptom is usually refusal to stand or
walk. Mild weakness may progress to complete
paraplegia within hours or days. Examination
generally reveals flaccid paraplegia, a distended
bladder, and exaggerated tendon reflexes in
the legs. Sensation may be difficult to test.
Diagnosis. Radiographs of the chest usually
show the extravertebral portion of the tumor,
and MRI delineates the extent of spinal
compression.
Management. In children with acute spinal cord
compression, high-dose corticosteroids, before
surgical extirpation and radiation therapy, pro-
vide some symptomatic relief. The survival rate
in infants with neuroblastoma confined to a
single organ is greater than 60%.
Cerebral Paraplegia andQuadriplegia

Almost all progressive disorders of the brain that
result in quadriplegia also have dementia as an
initial or prominent feature (see Chapter 5).
Pure paraplegia of cerebral origin is unusual.
At the very least, the patient has impairment
of fine finger movements and increased tendon
reflex activity in the arms. Pure paraplegia
should always direct attention to the spinal cord.
Cerebral Palsy

CP is a nonprogressive disorder of posture or
movement caused by a lesion of the develop-
ing brain (Ashwal et al, 2004). The prevalence
of moderately severe cases is approximately
2 in 1000 live births; the prevalence of CP
has increased among very small premature
infants as more have survived. Reduced life
expectancy is the norm in children with CP
who are immobile or profoundly retarded or
who require special feeding (Strauss et al,
1998). Otherwise, children with CP may live
well into adulthood. CP is often a misdiagno-
sis for several slowly progressive disorders
(Table 12-2). Perinatal asphyxia is a known cause
of CP, but accounts for only a minority of cases.
Prenatal factors are a more important cause,
but are difficult to identify with precision in an
individual patient.
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Table 12-2 Slowly Progressive Disorders
Sometimes Misdiagnosed
as Cerebral Palsy

Condition Chapter

Polyneuropathy

GM1 gangliosidosis type II 5
Hereditary motor and sensory

neuropathies
7

Infantile neuroaxonal dystrophy 5
Metachromatic leukodystrophy 5

Ataxia

Abetalipoproteinemia 10
Ataxia-telangiectasia 10
Friedreich ataxia 10

Spasticity-Chorea

Familial spastic paraplegia 12
Glutaric aciduria type I 14
Lesch-Nyhan syndrome 5
Niemann-Pick disease type C 5
Pelizaeus-Merzbacher disease 5
Rett syndrome 5
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In general, head MRI is appropriate in
every child with CP to identify the brain abnor-
mality. In contrast, only selected patients
require metabolic and genetic evaluations.

CP is not always a permanent condition.
Many infants with only mild motor impair-
ments improve and achieve normal motor
function in childhood. Unfortunately, as many
as 25% of such children are retarded or have
some behavioral or cognitive disturbance. Tra-
ditionally, the classification of CP is by the pat-
tern of motor impairment. The spastic types
are paraplegia or diplegia, quadriplegia, and
hemiplegia (see Chapter 11). The hypotonic
types are ataxic (see Chapter 10) and athetoid
(see Chapter 14).

SPASTIC DIPLEGIA (PARAPLEGIA)

Diplegia means weakness of all four limbs, but
the legs are weaker than the arms. The motor
impairment in the arms may be limited to
increased responses of tendon reflexes; the
classification of such children is paraplegia. Peri-
ventricular leukomalacia is the usual cause of
spastic diplegia in children born prematurely.
Cystic lesions in the white matter are often uni-
lateral or at least asymmetrical, causing hemi-
plegia superimposed on spastic diplegia.

Clinical Features. Many children with spastic
diplegia have normal tone, or even hypotonia,
during the first 4 months. The onset of
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spasticity in the legs is insidious and slowly
progressive during the first year. Four-point
creeping is impossible because of leg exten-
sion. Rolling or crawling on the floor with
the belly on the floor achieves movement.
The milestone of sitting up alone develops late
or is never achieved. From the supine posi-
tion, the infant pulls to a standing rather than
a sitting position. Later, bending forward at
the waist to compensate for the lack of flexion
at the hip and knee and placing one hand on
the floor for balance accomplish a sitting pos-
ture. Most children with spastic diplegia stand
on their toes, with knees flexed and increased
lumbar lordosis. Leg spasticity makes walking
difficult, but it is achievable by throwing the
body forward or side to side to transfer weight.

Examination shows spasticity of the legs and
less spasticity of the arms. All limbs show exag-
gerated tendon reflexes. Reflex sensitivity and
responsiveness are increased; percussion at
the knee causes a crossed adductor response.
Ankle clonus and an extensor plantar response
are usually present. When vertically suspended,
the legs cross at the thigh because of strong
adductor muscle contractions (scissoring).

Subluxation or dislocation of the hips is
relatively common in children with severe
spasticity; the cause, in part, is the constant
adduction of the thighs and insufficient devel-
opment of the hip joint resulting from delayed
standing or the inability to stand.

Diagnosis. Spastic diplegia is a clinical diagno-
sis. MRI easily identifies abnormalities in the
deep white matter secondary to periventricu-
lar leukomalacia, but children with a known
history of perinatal distress secondary to pre-
maturity do not require follow-up imaging
studies. It is important not to mistake CP for
a progressive disease of the brain or cervical
portion of the spine. Features that suggest a
progressive disease are a family history of CP,
deterioration of mental function, loss of
motor skills previously obtained, atrophy of
muscles, and sensory loss.

Management. There are probably as many
methods tomanage spastic diplegia and quadri-
plegia as there are children with CP. In general,
a multidisciplinary approach, including infant
stimulation, physical therapy, and occupational
therapy, helps the child achieve an adequate
functional status. Controlled clinical trials are
rarely accomplished, and one such trial con-
cluded that physical therapy offered no short-
term advantage. Most drugs to relieve spasticity
have only marginal benefit and they often
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cause unacceptable sedation. Levodopa improves
motor function without sedation (Brunstrom
et al, 2000).

Injections of botulinum toxin and place-
ment of a baclofen pump are useful for the
treatment of spasticity. Pump placement is just
below the skin at the waistline. It is 3 inches in
diameter and 1 inch thick and connects to a
small catheter through which the baclofen
releases. The pump releases medication at
prescribed intervals, which adjusts through
an external programmer. Refills, needed every
2 to 3 months, require a return visit to the doc-
tor. The refill is injected with a syringe
through the skin and into the pump. After 5
to 7 years, the battery life ends and the pump
is surgically removed to replace the battery. A
program of physical therapy should be
initiated that maintains the desired range of
motion postoperatively.

SPASTIC QUADRIPLEGIA

All limbs are affected, the legs often more
severely than the arms. The term double hemi-
plegia is applied if the arms are worse than
the legs. Intrauterine disease, usually malfor-
mations, is the cause of most spastic quadriple-
gia. Hypoxic-ischemic encephalopathy of the
term newborn accounts for a minority of cases.

Clinical Features. Developmental delay is pro-
found, and identification of the infant as neu-
rologically abnormal occurs early. Failure to
meet motor milestones, abnormal posturing
of the head and limbs, and seizures are the
common reasons for neurological evaluation.
In severely affected children, the characteristic
supine posture is retraction of the head and
neck, flexion of the arms at the elbows with
the hands clenched, and extension of the legs.
Infantile reflexes (Moro and tonic-neck) are
obligatory and stereotyped and persist after
6 months of age. Microcephaly is frequently
an associated feature.

Because of damage to both hemispheres,
supranuclear bulbar palsy (dysphagia and dys-
arthria) is common. Disturbances in vision
and ocular motility are frequently associated
features, and seizures occur in 50% of affected
children.

Diagnosis. The clinical findings are the basis
for diagnosis. Laboratory studies are useful
when the underlying cause is not obvious or
the possibility of a genetically transmitted
defect exists. MRI of the brain is especially use-
ful to show malformations.
Management. Treatment is the same as that
described in “Spastic Diplegia (Paraplegia).”
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13
Monoplegia
The spine and the proximal portion of
nerves are the usual abnormal sites underlying
flaccid weakness of one limb. Many conditions
that cause paraplegia or quadriplegia begin as
monoplegia. Therefore, one must also consult
the differential diagnosis of spinal paraplegia
provided in Table 12-1 when considering
monoplegia. In addition, several cerebral dis-
orders that cause hemiplegia may begin as a
monoplegia, so tables in Chapter 11 are also
applicable.
Table 13-1 Differential Diagnosis of Acute
Monoplegia

Complicated migraine (see Chapter 11)
Dislocation of the radial head
Hemiparetic seizures (see Chapter 11)
Monomelic spinal muscular atrophy
Plexopathy and neuropathy
Acute neuritis
Asthmatic plexitis
Idiopathic plexitis
Osteomyelitis plexitis
Poliomyelitis (see Chapter 7)
Tetanus toxoid plexitis
Hereditary
Hereditary brachial neuritis
Hereditary neuropathy with liability to pressure
palsy
Injury
Lacerations
Pressure injuries
Traction injuries

Stroke (see Table 11-2)
APPROACH TO MONOPLEGIA

Either pain or weakness may cause refusal to
use a limb. The cause of most painful limbs
is injury. Other causes are arthritis, infection,
and tumor. A trivial pull on an infant’s arm
may dislocate the radial head and cause an
apparent monoplegia. Pain and weakness
together are a feature of plexitis.

Table 13-1 summarizes the differential diag-
nosis of acute monoplegia. Plexopathies and
neuropathies are the leading causes of pure
monoplegia. Stroke often affects one limb
more than the others, usually the arm more
than the leg. The presentation may suggest
monoplegia, but careful examination often
reveals increased tendon reflexes and an
extensor plantar response in the seemingly
unaffected leg. Any suggestion of hemiplegia
rather than monoplegia or increased tendon
reflexes in the paretic limb should focus atten-
tion on the brain and cervical cord as the
pathological sites.

Chronic progressive brachial monoplegia is
uncommon. When it occurs, one should sus-
pect syringomyelia and tumors of the cervical
cord or brachial plexus. Chronic progressive
weakness of one leg suggests a tumor of the
spinal cord or a neurofibroma of the lumbar
plexus. A monomelic form of spinal muscular
atrophy, affecting only one leg or one arm,
should be considered when progressive weak-
ness is not accompanied by sensory loss.
SPINAL MUSCULAR ATROPHIES

The first report of a monomelic form of spinal
muscular atrophy was from Asia, but the con-
dition is probably equally common among
Europeans. The terms used to describe the
entity are benign focal amyotrophy and monomelic
amyotrophy. Although trauma and immobiliza-
tion of the limb may precede the onset of atro-
phy by several months, a cause-and-effect
relationship is not established.

The transmission of the familial form is by
autosomal recessive inheritance. Two affected
brothers had a mutation in the superoxide dis-
mutase 1 gene. In one set of male identical
twins, both developed atrophy of first one
hand and then the other.
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Clinical Features. Onset is usually in the sec-
ond or third decade, and there is a male pre-
ponderance. The initial features are usually
weakness and atrophy in one limb, the arm
in 75% and the leg in 25%. Tendon reflexes
in the involved limb are hypoactive or absent.
Sensation is normal. The weakness and atro-
phy affect only one limb in half of cases and
spread to the contralateral limb in the remain-
der. Tremor of one or both hands is often
associated with the wasting. The appearance
of fasciculations heralds weakness and wasting.
Progression is slow, and spontaneous arrest
within 5 years is the rule. However, another
limb may become weak after a gap of 15 years.

Diagnosis. Needle electromyography (EMG)
studies of all limbs are essential to show the
extent of involvement. Motor conduction is nor-
mal. Magnetic resonance imaging of the spine
and plexus is required to exclude a tumor.

Management. Physical therapy, occupational ther-
apy, splinting, and bracing are the main treat-
ment options.
PLEXOPATHIES

Acute Idiopathic Plexitis

Acute plexitis is a demyelinating disorder of
the brachial or lumbar plexus thought to be
immune mediated. Brachial plexitis is far
more common than lumbar plexitis.

Brachial Plexitis

Brachial plexitis (brachial neuritis, neuralgic
amyotrophy) occurs from infancy to adult life.
Previous tetanus toxoid immunization has
occurred in 10% to 20% of childhood and
adult cases and in almost all infant cases. The
site of immunization does not correlate with
the limb involved.

Clinical Features. The onset of symptoms is usu-
ally explosive. Pain is the initial feature in 95%
of patients. Pain localizes to the shoulder but
may be more diffuse or limited to the lower
arm. Pain is severe. It may awaken the patient
and is described as sharp, stabbing, throbbing,
or aching. The duration of pain, which is fre-
quently constant, varies from several hours
to 3 weeks. As the pain subsides, weakness
appears. Weakness is in the distribution of the
upper plexus alone in half of patients and the
entire plexus in most of the rest. Lower plexitis
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alone is unusual. Although the initial pain
abates, paresthesias may accompany the weak-
ness. Two thirds of people report improved
strength during the month after onset. Upper
plexus palsies improve faster than do lower
plexus palsies. Among all patients, one third
recover within 1 year, three fourths by 2 years,
and90%by3 years. After 3 years, further improve-
ment may occur, but permanent residua are
expected. Recurrences are unusual and less
severe than the initial episode.

Diagnosis. Pain and weakness in one arm are
also symptoms of spinal cord compression,
indicating the need for spinal cord imaging
studies. However, when the onset is characteris-
tic of brachial plexus neuritis, the clinical fea-
tures alone establish the diagnosis. Diagnostic
tests are not essential. The cerebrospinal fluid
is usually normal. Slight lymphocytosis and a
slight increase in protein content are some-
times noted. EMG and nerve conduction stud-
ies are helpful in showing the extent of
plexopathy. Electrical evidence of bilateral
involvement may be present in patients with
unilateral symptoms.

Management. Corticosteroids do not affect the
outcome. Range-of-motion exercises are recom-
mended until strength recovers.

Lumbar Plexitis

Lumbar plexitis occurs at all ages and is simi-
lar to brachial plexitis, except that it affects
the leg instead of the arm. The mechanism is
probably the same as in brachial plexitis.

Clinical Features. Fever is often the first symp-
tom, followed by pain in one or both legs.
The pain has an abrupt onset and may occur
in a femoral or sciatic distribution. Sciatica,
when present, suggests disk disease. Young
children refuse to stand or walk, and older
children limp. Weakness may develop concur-
rently with pain or be delayed for as long as
3 weeks. The onset of weakness is insidious
and often difficult to date, but usually it begins
8 days after the onset of pain. Weakness pro-
gresses for a week and then stabilizes. Tendon
reflexes are absent in the affected leg but are
present in other limbs.

Recovery is characterized first by abatement
of pain and then by increasing strength. The
average time from onset of pain to maximal
recovery is 18 weeks, with a range of 8 weeks
to several years. Functional recovery is almost
universal, but mild weakness may persist.



Chapter 13 Monoplegia
Diagnosis. The sudden onset of pain and
weakness in one leg suggests spinal cord or
disk disease. MRI of the spine is a means of
excluding other disorders; the results are
invariably normal in lumbar plexitis. The cere-
brospinal fluid is normal except for a slight
increase in the protein concentration. EMG
performed 3 weeks after onset shows patchy
denervation.

Management. Corticosteroids do not affect the
outcome. Range-of-motion exercises are neces-
sary to ensure the best recovery.
Acute Symptomatic Plexitis

Asthmatic Amyotrophy
(Hopkins Syndrome)

Sudden flaccid paralysis of one or more limbs,
resembling poliomyelitis, may occur during
recovery from an asthmatic attack. All affected
children had previously received poliomyelitis
vaccine. The probable cause of the syndrome
is an infection by a neurotropic virus other
than poliovirus. Adenovirus, echovirus, and
coxsackievirus have been isolated from stool,
throat, or cerebrospinal fluid in some cases.

Clinical Features. Age at onset is from 1 to 11
years, and the male-to-female ratio is 7:4. The
interval between the asthmatic attack and the
paralysis is 1 to 11 days, with an average of
5 days. Monoplegia occurs in 90%, with the
arm involved twice as often as the leg. The
other 10% have hemiplegia or diplegia. Men-
ingeal irritation is not present. Sensation is
intact, but the paralyzed limb is painful in half
of cases. Recovery is incomplete, and all
affected children have some degree of perma-
nent paralysis.

Diagnosis. Asthmatic amyotrophy is primarily
a clinical diagnosis based on the sequence
of events. The diagnosis requires distinction
from paralytic poliomyelitis and idiopathic
brachial neuritis. The basis for excluding para-
lytic poliomyelitis is normal cerebrospinal
fluid in asthmatic amyotrophy. A few white
blood cells may be present in the cerebrospi-
nal fluid but never to the extent encountered
in poliomyelitis, and the protein concentra-
tion is normal. EMG during the acute phase
shows active denervation of the paralyzed
limb, but the pattern of denervation does not
follow the radicular distribution expected in
a brachial neuritis.
Management. Treatment is symptomatic and
includes analgesics for pain and physical
therapy.

Hereditary Brachial Plexopathy

The two major phenotypes of focal familial
recurrent neuropathy are hereditary brachial
plexopathy (also called hereditary neuralgic
amyotrophy) and hereditary neuropathy with
liability to pressure palsies (see “Mononeurop-
athies”). The phenotypes can be confused
because isolated nerve palsies may occur in
hereditary brachial plexopathy, and brachial
plexopathy occurs in patients with hereditary
neuropathy with a liability to pressure palsies.
Transmission of both disorders is by autoso-
mal dominant inheritance, but the underlying
mutations are at different sites on chromo-
some 17. The location of the responsible gene
for hereditary brachial plexopathy is chromo-
some 17q25 (Stögbauer et al, 2000).

Clinical Features. Hereditary brachial plexopa-
thy may be difficult to distinguish from idio-
pathic brachial plexitis in the absence of a
family or patient history of similar episodes.
Events that may trigger an attack in genetically
predisposed individuals include infection,
emotional stress, strenuous use of the affected
limb, and childbirth. Immunization, which
may precipitate sporadic brachial plexopathies,
is not a factor in the genetic form.

Two different courses exist, but with only
one type per family, suggesting the possibility
of genetic heterogeneity (van Alfen et al,
2000). Characteristic of the classic course is
severe attacks with relatively symptom-free
intervals. Patients with the chronic course expe-
rience interictal persistence of pain and weak-
ness. The initial attack usually occurs during
the second or third decade but may appear
at birth. Attributing palsies at birth to trauma
is common despite the positive family history.
Weakness resolves completely, only to recur
later.

Severe arm pain exacerbated by movement
characterizes the attack. Weakness follows in
days to weeks, which is usually maximal within
a few days and always by 1 month. The entire
plexus may be involved, but more often only
the upper trunk is affected. Even with total
plexus involvement, the upper plexus is weaker
than other parts. Examination shows proximal
arm weakness. Distal weakness may be pres-
ent as well. Tendon reflexes are absent from
affected muscles. Weakness persists for weeks
to months and is associated with atrophy and
287



Chapter 13 Monoplegia
fasciculations. Pain, which is frequently the
only sensory finding, subsides after the first
week.

Recovery begins weeks to months after
attaining maximal weakness. Return of func-
tion is usually complete, although some resid-
ual weakness may persist after repeated
attacks. The frequency of attacks varies; sev-
eral attacks may occur within a single year,
but the usual pattern is two or three attacks
per decade.

Occasional children have an episode of
lumbar plexopathy. Pain in the thigh and
proximal weakness are characteristic. Brachial
and lumbar plexopathies are never concur-
rent, although bilateral brachial plexopathy is
a relatively common event. Isolated cranial
nerve palsies may occur in families with hered-
itary brachial plexopathy. The vagus nerve is
the one most often affected and causes hoarse-
ness and dysphagia. Other cranial neuropa-
thies result in transitory facial palsy and
unilateral hearing loss.

Diagnosis. The family history, early age at
onset, unique triggering events, recurrences,
and involvement of other nerves differentiate
hereditary brachial plexopathy from idiopathic
brachial neuritis. EMG shows a diffuse axonop-
athy in the affected arm and some evidence
of denervation in the asymptomatic arm.
Asymptomatic legs are electrically normal.

Management. Analgesics are useful at the onset
of an attack. Range-of-motion exercises pre-
vent contractures. Corticosteroid use is not
beneficial.

Neonatal Traumatic Brachial
Neuropathy

The incidence of neonatal brachial plexus
birth injuries is estimated at 1 in 1000 live
births. It seems likely that the incidence has
increased in recent years because of the socie-
tal and financial pressures to avoid cesarean
section. The cause of obstetrical brachial
plexus palsies is excessive traction on the
plexus. Upper plexus injuries occur when pull-
ing the head and arm away from each other.
This occurs in the vertex position when the
head is pulling forcefully to deliver the after-
coming shoulder or when normal contractions
force the head and neck downward with the
shoulder trapped by the pelvis. Injuries in
the breech position occur when pulling the
arm downward to free the aftercoming head
288
or when rotating the head to occipitoanterior
when the shoulder is fixed. Complete (upper
and lower) plexus injuries occur during vertex
deliveries when traction is exerted on a pro-
lapsed arm and in breech deliveries when the
trunk is pulled downward but an aftercoming
arm is fixed.

Clinical Features. Most neonatal brachial plexus
injuries occur in large full-term newborns of
primiparous mothers, especially when the fetus
is malpositioned and the delivery is long and
difficult. The traditional division of brachial
plexus injuries is into those involving the upper
roots (named for Erb and Duchenne) and
those involving the lower roots (named for
Klumpke). However, solitary lower root injuries
are unusual. In 88%, the palsy affects only the
C5 through C7 cervical roots, and 12% have a
complete plexus palsy. Bilateral, but not neces-
sarily symmetrical, involvement occurs in 8%
of cases.

Because the upper plexus (C5–C7) is always
involved, the posture of the arm is typical and
reflects weakness of the proximal muscles. The
arm is abducted and internally rotated at the
shoulder and is extended and pronated at
the elbow, so that the partially flexed fingers
face backward. Extension of the wrist is lost
and the fingers are fisted. The biceps and tri-
ceps reflexes are absent. Injuries that extend
higher than the C4 segment result in ipsilat-
eral diaphragmatic paralysis.

Newborns with complete brachial plexus
palsies have flaccid, dry limbs with neither
proximal nor distal movement. Horner syn-
drome is sometimes associated. Sensory loss
to pinprick is present with partial or complete
palsies, but may not conform to the segmental
pattern of weakness.

Diagnosis. Recognition of brachial plexus palsy
is through the typical posture of the arm and
failure of movement when the Moro reflex is
tested. Because the injury often takes place
during a long and difficult delivery, asphyxia
may bepresent as well. In such cases, generalized
hypotonia may mask the focal arm weakness.
Approximately 10% of newborns with brachial
plexus injuries have facial nerve palsy and frac-
tures of the clavicle or humerus.

Management. The spontaneous recovery rate is
approximately 70%.One goal of therapy is to pre-
vent the development of contractures. Range-of-
motion exercises prevent contractures, whereas
splinting, or other formsof immobilization, cause
them. Significant recovery occurs throughout
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the first year, but infants who show no improve-
ment in strength at the end of 6 months are
unlikely to show functional improvement later.
Surgical reconstruction of the plexus (e.g., nerve
grafts, neuroma excision) is a consideration in
infants with no evidence of spontaneous recov-
ery at 6 months. However, the benefit of recon-
structive surgery is not established.

Osteomyelitis-Neuritis

Apparent limb weakness caused by pain is a
well-recognized phenomenon. However, a true
brachial neuritis may occur in response to
osteomyelitis of the shoulder. Ischemic nerve
damage caused by vasculitis is the presumed
mechanism.

Clinical Features. Osteomyelitis-neuritis occurs
predominantly during infancy. The initial fea-
ture is a flaccid arm without pain or tenderness.
Body temperature may be normal at first but
soon increases. Pain develops on movement of
the shoulder, and tenderness to palpation fol-
lows. No swelling is present. The biceps and tri-
ceps reflexes may be depressed or absent.

Diagnosis. Suspect osteomyelitis of the proxi-
mal humerus when brachial plexitis develops
during infancy. Radiographs of the humerus
become abnormal at the end of the first week,
when they show destruction of the lateral mar-
gin of the humerus, but a radioisotope bone
scan shows a focal area of uptake in the proxi-
mal humerus, the scapula, or both shortly after
onset. After 3 weeks, EMG shows patchy dener-
vation in the muscles innervated by the upper
plexus. These results support the idea that this
is a true plexitis and not just a painful limb.

Aspirates from the shoulder joint or blood
culture identify the organism. Group B strep-
tococcus is often isolated in specimens from
young infants. Older children have other bac-
terial species.

Management. A 3- to 4-week course of intrave-
nous antibiotics, usually penicillin, is the recom-
mended treatment. Recovery of arm strength
may be incomplete.

Postnatal Injuries

BRACHIAL PLEXUS

Traction and pressure injuries of the brachial
plexus are relatively common because of its
superficial position. Motor vehicle and sports
accidents account for the majority of severe
injuries. However, mild injuries also occur in
the following situations: (1) when an adult
suddenly yanks a child’s arm, either protec-
tively or to force movement; (2) with a blow
to the shoulder, such as in a football scrim-
mage or from the recoil of a rifle; (3) with pro-
longed wearing of a heavy backpack; (4) when
the arm is kept hyperextended during surgery;
and (5) with pressure in the axilla from poorly
positioned crutches.

Clinical Features. Mild injuries do not affect all
portions of the plexus equally. Diffuse weak-
ness is uncommon. Pain may be an important
initial feature, and sensory loss is uncommon.
Recovery begins within days or weeks and is
complete. Atrophy does not occur.

More severe injuries are usually associated
with fractures of the clavicle and scapula and
dislocation of the humerus. The upper plexus
is generally affected more severely than is the
lower plexus, but complete paralysis may be
present at the onset. Sensory loss is less
marked than weakness, and the two may not
correspond in distribution. Pain is common,
not only from the plexopathy but also from
the bone and soft-tissue injuries. The most
painful injuries are those associated with root
avulsion.

Tendon reflexes are absent, and atrophy
develops in denervated muscle. Recovery pro-
gresses proximally to distally and the Tinel
sign plots the recovery: tingling in the distal
part of a limb caused by tapping over the
regenerating segment of a nerve. Complete
reinnervation, when it occurs, may take several
months or years. The completeness of recov-
ery depends on the severity and nature of the
injury. Pressure and traction injuries in which
anatomical integrity is not disturbed recover
best, whereas injuries that tear the nerve or
avulse the root do not recover at all.

Diagnosis. EMG is useful in identifying the
pattern of nerve injury and in providing infor-
mation on the prognosis. Even with mild trac-
tion injuries, the amplitude of motor and
sensory action potentials attenuates and motor
and sensory conduction slows.

Management. Mild injuries do not require treat-
ment other than range-of-motion exercises.
For more severe traction injuries, resting the
limb for the first month is usually necessary.
During that time, provide analgesia as needed
for pain and electrically stimulate muscles away
from the site of injury to maintain tone. Initiate
range-of-motion exercises when pain subsides.
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Figure 13-1 Neurofibroma of the lumbar plexus.
Magnetic resonance imaging of the plexus using a
subtraction technique shows enlargement of the
sciatic nerve (arrow).
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Prompt correction is required of fractures
and dislocations that cause pressure on the
brachial plexus. Lacerated nerves require sur-
gical restoration of anatomical integrity.

LUMBAR PLEXUS

Injuries of the lumbar plexus are much less
common than are injuries of the brachial
plexus. The pelvis and the heavy muscles of
the hip provide considerable protection from
direct trauma.

Clinical Features. Lumbar plexus injuries are
usually associated with fracture-dislocation of
the pelvis. Motor vehicle accidents or falls
from a considerable height are required to
produce sufficient force to fracture the pelvis.
Therefore, the patient usually has multiple
injuries, and the lumbar plexus injury may
be the last one identified. Lumbar plexus
injuries produce a patchy weakness that is
difficult to differentiate from mononeuritis
multiplex.

Diagnosis. EMG helps distinguish plexus inju-
ries and nerve injuries.

Management. Fracture-dislocations require treat-
ment to relieve pressure on the plexus. As with
brachial plexus injuries, the completeness of
recovery depends on the anatomical integrity
of the nerves.
Plexus Tumors

Plexus tumors in childhood are rare. The
most common primary tumor is the plexiform
neurofibroma (Fig. 13-1). These can affect
either the brachial or lumbar plexus. They
grow very slowly and cause progressive but
selected weakness over several years. Second-
ary tumors of the brachial plexus are neuro-
blastomas and primitive neuroectodermal
tumors arising in the chest. MRI is used to
visualize plexus tumors when fat subtraction
techniques are used.
Mononeuropathies

Radial Neuropathy

Radial nerve injuries usually occur in the
spinal groove of the humerus, just below the
takeoff of the motor branch to the triceps
muscle. Injury may occur with fractures of
the humerus or by external pressure. Such
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pressure usually results when a sleeping or
sedated patient is in a position that com-
presses the nerve between the humerus and a
hard surface, such as an operating table and
chair.

Isolated radial nerve injuries may occur in
newborns with a history of failure of progres-
sion of labor. These may result from prolonged
radial nerve compression (Hayman et al, 1999).

Clinical Features. Wristdrop and fingerdrop are
characteristic of injuries to the radial nerve
within the spiral groove. The brachioradialis
muscle may be weak and its tendon reflex lost.
Sensory disturbances are restricted to the back
of the hand near the base of the thumb. With
the wrist dropped, a fist is mechanically difficult
to make, but the finger flexors are not weak.

Diagnosis. Electrophysiological studies are use-
ful for locating the site of injury and assessing
the anatomical integrity of the nerve and the
prognosis for recovery.

Management. Pressure injuries recover com-
pletely in 6 to 8 weeks. During that time, a
splint is useful for placing the wrist in exten-
sion so that the patient can flex his or her
fingers.

Ulnar Neuropathy

The most common site of ulnar injury is the
elbow. This injury may result from external
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pressure, recurrent dislocation of the nerve
from its groove, or fracture of the distal
humerus.

Clinical Features. Paresthesias on the ulnar side
of the hand, the little finger, and the ring
finger are experienced. Tapping the ulnar
groove increases the discomfort. Hand strength
is lost, and the intrinsic muscles become wasted.
The little finger and the adjacent side of the ring
finger have diminished or absent sensation.

Diagnosis. Electrophysiological techniques local-
ize the injury along the course of the nerve.

Management. Minor pressure injuries do not
require treatment, and recovery is complete
within a few weeks. Injuries to the elbow that
cause fracture or nerve dislocation require sur-
gical repair.

Median Neuropathy

The cause of nontraumatic median neuropa-
thies is compression of the nerve in the carpal
tunnel and traumatic injuries at the elbow. In
children, a storage disease such as mucolipido-
sis may cause nerve compression in the carpal
tunnel, but idiopathic cases occur as well. Frac-
ture at the elbow is the usual cause of trau-
matic median neuropathy.

Clinical Features. The most common features
are numbness and pain in the hand. Nontrau-
matic median neuropathy is often bilateral.
Weakness and atrophy are more likely to occur
in traumatic injuries of the nerve than in car-
pal tunnel entrapment.

Diagnosis. EMG is useful to localize the lesion,
especially when surgical decompression is an
option.

Management. Surgical decompression may be
beneficial for both nontraumatic and trau-
matic injuries.

Peroneal Neuropathy

The peroneal nerve lies in a superficial posi-
tion adjacent to the fibula. External pressure
readily compresses the nerve against the bone.
This most often occurs in children who have
undergone significant weight loss or trauma
to the nerve. EMG documented a prenatal
peroneal palsy, presumably caused by pressure
in a newborn (Jones et al, 1996).
Clinical Features. The prominent feature is an
acute, painless footdrop. Both dorsiflexion
and eversion of the foot are weak. Sensation
is usually intact, but sometimes there is numb-
ness over the lower lateral leg and dorsum of
the foot. When only the deep branch of the
peroneal nerve is involved, sensory loss is
restricted to a small triangle between the first
two toes. Complete or significant spontaneous
recovery is the rule except after considerable
trauma.

Diagnosis. Electrodiagnosis is useful to dis-
criminate peroneal nerve lesions from distur-
bances of the fifth lumbar root.

Management. A footdrop brace is a useful walk-
ing aid until recovery is complete.

Hereditary Neuropathy with Liability
to Pressure Palsy

The characteristic feature of hereditary neu-
ropathy with liability to pressure palsy (also
called tomaculous neuropathy) is the develop-
ment of a mononeuropathy after a minor
trauma. In some cases, the brachial plexus is
affected. Transmission of the disorder is as
an autosomal dominant trait caused by dele-
tion of the gene encoding peripheral myelin
protein-22 caused by a deletion in chromo-
some 17p11.2 (Bird, 2008).

Clinical Features. The first episode usually
occurs during the second or third decade.
Typical precipitating factors include sleeping
on a limb, body contact in sports, constric-
tive clothing, or positioning during surgery.
Individuals quickly learn to avoid activities that
provoke episodes. Superficial nerves (radial,
ulnar, median, peroneal) are the ones most
commonly affected. The resulting mononeu-
ropathy is painless and affects both motor and
sensory fibers. Tendon reflexes are lost. Recov-
ery is complete within days to weeks.

Diagnosis. Except for the family history, the
first episode might suggest ordinary pressure
palsy, although the trivial nature of the trauma
should alert the physician to the underlying
neuropathy. Consider the diagnosis in chil-
dren with repeated neuropathies or multifocal
neuropathies even in the absence of a family
history.

Molecular genetic testing establishes the
diagnosis. Electrophysiological studies show
slow conduction time, not only in the affected
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limb but also in all limbs. Other family mem-
bers may show generalized slowing of conduc-
tion between attacks.

Management. No treatment is available for the
underlying neuropathy. Alterations in life-
style may be needed to avoid pressure palsies.
A wrist splint is useful for carpal tunnel
syndrome and an ankle-foot orthosis for foot-
drop. Protective pads at elbows or knees
may prevent pressure and trauma to local
nerves. Advise patients against sitting with
legs crossed, leaning on elbows, and activi-
ties requiring repetitive movements. Despite
the best effort, some patients eventually
develop a generalized motor and sensory
neuropathy.
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14
Movement Disorders
Involuntary movements are usually associated
with abnormalities of the basal ganglia and
their connections and occur in several differ-
ent neurological disorders. Abnormal move-
ments can be the main or initial features of
disease, or they can occur as a late manifesta-
tion. The former is discussed in this chapter,
and the latter in other chapters.
APPROACH TO THE PATIENT

Movement disorders are not describable; they
require visualization. If abnormal movements
are not present at the time of examination,
instruct the parents to videotape the move-
ments at home. Some relatively common
movements are recognizable by description,
but the rich variety of abnormal movements
and postures that may occur defies classifica-
tion. The most experienced observer will mis-
take, at times, one movement for another or
will have difficulty conceptualizing the nature
of an abnormal movement.

Many abnormal movements are paroxysmal
or at least intermittent. Movement, startle, emo-
tional upset, or sleep induces some movements.
The physician should ask what makes the move-
ment worse and whether it is action induced.
Ask children to perform the action during the
examination. Paroxysmal movements raise the
question of epilepsy. Indeed, the concurrent
presence of seizures and involuntarymovements
characterizes many neurological disorders of
childhood. Nocturnal paroxysmal dystonia, once
thought a movement disorder, is actually a fron-
tal lobe seizure (see Chapter 1). The clinical and
conceptual distinction between spinal myoclo-
nus and spinal seizures remains a gray area.
The following guidelines are useful to distin-
guish involuntary movements from seizures: (1)
involuntary movements, with the exception of
spinal myoclonus and periodic movements of
sleep, abate or disappear during sleep, but
seizures persist or may worsen; (2) involuntary
movements usually have a more stereotyped
appearance and, with the exception of acute
drug reactions, are more persistent than sei-
zures; (3) loss of consciousness or awareness
is characteristic of seizures, but involuntary
movements are not; and (4) epileptiform activ-
ity on electroencephalography (EEG) accom-
panies seizures, but not involuntary movements.

Involuntary contractions of a muscle that
does not move a joint may be fasciculations,
focal seizures, or myoclonus. Low-amplitude
jerking movements that move a joint or mus-
cles may be focal seizures, chorea, myoclonus,
tics, or hemifacial spasm. High-amplitude jerk-
ing movements that move a limb or limbs may
be seizures, ballismus, or myoclonus. Slow,
writhing movements and abnormal posturing
may be due to athetosis, dystonia, continuous
motor unit activity (see Chapter 8), or sei-
zures. The possible causes of rhythmic move-
ments are tremor, seizures, or myoclonus.
CHOREA AND ATHETOSIS

Chorea is a rapid movement affecting any part
of the body that often incorporates a voluntary
movement to hide it. The movements are ran-
dom but neither rhythmic nor stereotyped,
and they migrate from side to side and limb to
limb. Because the involuntary movement flows
into a voluntary movement, it gives the appear-
ance of constant movement (restlessness).
Akathisia, an inward compulsion to move (dis-
cussed later), also causes the appearance of rest-
lessness. Depending on the condition, chorea
may be unilateral or bilateral and may affect
the face and trunk as well as the limbs. An
observer cannot precisely describe chorea
because it has no fixed form.

Chorea is more readily observed when sepa-
rated from the superimposed voluntary move-
ment that follows. Ask the child to raise both
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Table 14-1 Differential Diagnosis
of Chorea as an Initial
or Prominent Symptom

Cardiopulmonary Bypass Surgery

Genetic Disorders

Abetalipoproteinemia (see Chapter 10)
Ataxia-telangiectasia (see Chapter 10)
Benign familial chorea
Fahr disease
Familial paroxysmal choreoathetosis (see Chapter 1)
Glutaric aciduria
Hepatolenticular degeneration (Wilson disease)
Huntington disease (see Chapter 5)
Lesch-Nyhan syndrome (see Chapter 5)
Machado-Joseph disease (see Chapter 5)
Neuroacanthocytosis

Drug-Induced Movement Disorders

Anticonvulsants
Antiemetics
Oral contraceptives
Psychotropic agents
Stimulants
Theophylline

Systemic Conditions

Hyperthyroidism
Lupus erythematosus
Pregnancy (chorea gravidarum)
Sydenham (rheumatic) chorea

Tumors of Cerebral Hemisphere (see Chapter 4)
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hands upward beside the head with the palms
facing each other. Low-amplitude jerking move-
ments occur that turn the arm into pronation.
When the child lightly grips the examiner’s fin-
gers, the grip alternately tightens and loosens,
as if the patient is “milking” the examiner’s
hands. Hypotonia is common in many condi-
tions causing chorea. Tendon reflexes may be
normoreactive, but at times, a choreic move-
ment occurs during the patellar response, pro-
ducing an extra kick.

Athetosis is a slow, writhing movement of the
limbs that may occur alone, but is often asso-
ciated with chorea (choreoathetosis). The
usual cause of athetosis without chorea is peri-
natal brain injury. Kernicterus was once a
major cause of chorea, but is now a rare event.
Perinatal asphyxia is now the predominant
etiology. Many children with athetosis have
atonic cerebral palsy, and others have spastic
diplegia.

Ballismus is a high-amplitude, violent fling-
ing of a limb from the shoulder or pelvis. It
is an extreme form of chorea. In adults, it
may occur in limbs contralateral to a vascular
lesion in the subthalamic nucleus; in children,
it is usually associated with chorea and is seen
in Sydenham chorea and lupus erythematosus.

Tardive dyskinesia is a complex syndrome usu-
ally characterized by buccolingual masticatory
movements that include tongue protrusion,
lip smacking, puckering, and chewing. It is
decidedly uncommon in children. Dopamine
antagonist drugs (neuroleptics and antiemetics)
are the usual cause of tardive dyskinesia. It may
be a subtype of chorea, or at least a related disor-
der, and is sometimes associated with choreic
movements of the limbs. Most children thought
to have developed tardive dyskinesia usually
turn out to have motor tics.

Tables 14-1 and 14-2 summarize the differ-
ential diagnosis of chorea and choreoatheto-
sis. Chorea is a cardinal feature of the
conditions listed in Table 14-1. The details of
many such conditions are given elsewhere in
this text because concurrent features are more
prominent. Although abnormal movements
are the only manifestation, the description of
familial paroxysmal choreoathetosis is given
in Chapter 1 because it is more likely to be
confused with epilepsy than with other causes
of chorea.

Table 14-2 contains a partial list of conditions
in which chorea and choreoathetosis may occur,
but in which they are either late features or at
least not prominent early in the course. Move-
ment disorders are a relatively common fea-
ture of several cerebral degenerative disorders.
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In contrast, chorea and seizures may be con-
fused when chorea develops during an acute ill-
ness such as bacterial meningitis, metabolic
encephalopathies, or encephalitis. At times,
the movement disorder is due to the underlying
brain disorder and at times to drugs used in
treatment.
Cardiopulmonary Bypass Surgery

Severe choreoathetosis is a complication in as
many as 10% of children with congenital heart
disease after cardiopulmonary bypass surgery
and profound hypothermia. Deep hypother-
mia and circulatory arrest are not essential fac-
tors in the pathophysiology but are often
associated. The mechanism of basal ganglia
injury is unknown.

Clinical Features. Most affected children are
older than 1 year of age and have cyanotic heart
disease with systemic to pulmonary collaterals.
Choreoathetosis begins within 2 weeks postop-
eratively and may be associated with orofacial
dyskinesias, hypotonia, affective changes, and
pseudobulbar signs. Some children have only
mild chorea that resolves spontaneously within



Table 14-2 Conditions That May Include
Chorea

Alternating Hemiplegia (see Chapter 11)

Bilateral Striatal Necrosis (see “Dystonia”)

Cerebral Palsy

Congenital malformations (see Chapters 5 and 18)
Intrauterine disease (see Chapter 1)
Perinatal asphyxia (see Chapter 1)
Unknown causes

Genetic Disorders

Ceroid lipofuscinosis (see Chapter 5)
Guanidinoacetate methyltransferase deficiency (see

Chapter 1)
Idiopathic torsion dystonia
Incontinentia pigmenti (see Chapter 1)
Pantothenate kinase-associated neurodegeneration
Pelizaeus-Merzbacher disease (see Chapter 5)
Phenylketonuria (see Chapter 5)
Porphyria (see Chapter 7)

Infectious Diseases

Bacterial meningoencephalitis (see Chapter 4)
Viral encephalitis (see Chapter 2)

Metabolic Encephalopathies (see Chapter 2)

Addison disease
Burn encephalopathy
Hypernatremia
Hypocalcemia
Hypoparathyroidism
Vitamin B12 deficiency

Rett Syndrome (see Chapter 5)

Vascular Conditions

Moyamoya disease (see Chapter 11)
Poststroke (see Chapter 11)
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2 months. Others may have severe exhausting
chorea, unresponsive to treatment, which
results in either death or severe neurological
morbidity. Expect cognitive disturbance in half
of survivors (du Plessis et al, 2002).

Diagnosis. Clinical features are the only basis for
diagnosis. Magnetic resonance imaging (MRI)
results are normal during the acute illness.

Management. Sedation prevents exhaustion in
severely affected children. The choreoatheto-
sis is often refractory to drug therapy. Clona-
zepam and levetiracetam may prove useful to
reduce the movement.
Drug-Induced Chorea

Choreiform movements and akathisia or dys-
tonic posturing may occur as effects of drugs,
especially dopamine antagonists. Chorea is more
often a consequence of the abrupt discontin-
uation of a dopamine antagonist. Akathisia is
more likely to be a dose-related effect, whereas
dystonia is usually an idiosyncratic reaction (see
“Dystonia”). Phenytoin and ethosuximide may
induce chorea as a toxic or idiosyncraticmanifes-
tation. Oral contraceptives are associated with
chorea. The mechanism is unknown. Neurolep-
tics are associated with idiosyncratic dystonic
reactions and tardive dyskinesia, and stimulant
drugs (dextroamphetamine and methylpheni-
date) are associated with chorea, akathisia, and
tic (see “Tics and Tourette Syndrome”).

Tardive Dyskinesia

The term tardive dyskinesia denotes drug-
induced choreiformmovements that occur late
in the course of drug therapy. These move-
ments are often limited to the lingual, facial,
and buccal muscles. Drug-induced buccolin-
gual dyskinesia is unusual in children.

Tardive dyskinesias are most often asso-
ciated with drugs used to modify behavior
(neuroleptics), such as phenothiazines and
haloperidol, and antiemetics, such as metoclo-
pramide and prochlorperazine; they also
occur in children with asthma treated with
theophylline. The estimated incidence of tar-
dive dyskinesia in children taking neuroleptic
drugs is 1%. I suspect that such children were
taking large doses to treat major behavioral
disorders.

Clinical Features. Tardive dyskinesia is a com-
plex of stereotyped movements. It usually
affects the mouth and face, resembles chew-
ing, and includes tongue protrusion and lip
smacking; the trunk may be involved in rock-
ing movements and the fingers in alternating
flexion and extension resembling piano play-
ing. Limb chorea, dystonia, myoclonus, tics,
and facial grimacing may be associated fea-
tures. Stress exacerbates the movements, and
sleep relieves them.

Symptoms appear months to years after the
start of therapy and are not related to changes
in dose. In children, discontinuing the drug
usually stops the movement, but the move-
ments may remain unchanged in adults.

Diagnosis. Drug-induced dyskinesia is sus-
pected in any child who shows abnormal
movements of the face or limbs while taking
neuroleptic drugs. Distinguishing tardive dys-
kinesia from facial tics is important in children
with Tourette syndrome and facial manner-
isms from tics in children with schizophrenia.
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Management. Discontinue all neuroleptic drugs
as quickly as possible when symptoms of dyski-
nesia develop. This may not be practical when
psychosis requires drug therapy. In such circum-
stances, the movements sometimes respond to
diazepam.

Emergent Withdrawal Syndrome

Chorea and myoclonus may appear for the
first time after abruptly discontinuing or
decreasing the dose of neuroleptic drugs. Lin-
gual-facial-buccal dyskinesia may be present as
well. The symptoms are self-limited and cease
in weeks to months.
Genetic Disorders

Cerebellar ataxia is often the initial feature of
abetalipoproteinemia and ataxia-telangiectasia.
Chorea may occur in both conditions, but only
in ataxia-telangiectasia does chorea occur with-
out ataxia. Huntington disease is an important
cause of chorea and dystonia, but in children,
the initial feature is declining school perfor-
mance. Therefore, the discussion of Hunting-
ton disease in children appears in Chapter 5.

Benign Familial (Hereditary) Chorea

Benign familial chorea is a rare disorder trans-
mitted by autosomal dominant inheritance
(Kleiner-Fisman et al, 2003). The gene locus is
on chromosome 14q. Benign familial chorea
and familial paroxysmal choreoathetosis (see
Chapter 1) may be genetically related disorders.

Clinical Features. The onset of chorea is usually
in early childhood, often when the child is
beginning to walk. Delayedmotor development
may be associated. Other possible features are
intention tremor, dysarthria, hypotonia, and
athetosis. Intelligence is normal. Most children
have only chorea, which decreases in intensity
by adolescence. Adults may be asymptomatic
or may have mild hypotonia and ataxia.

Diagnosis. Benign familial chorea may be diffi-
cult to distinguish from other causes of chorea
in children, especially familial paroxysmal cho-
rea. A family history of the disorder is critical
to diagnosis, but difficult to obtain when par-
ents show incomplete expression. Chorea is
continuous and not episodic or paroxysmal.
Results of neuroimaging studies and EEG are
normal.
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Management. Chlorpromazine or haloperidol
is beneficial in some individuals.

Fahr Disease

Fahr disease is the combination of encepha-
lopathy and progressive calcification of the
basal ganglia. Idiopathic basal ganglia calcifica-
tion is another term applied to the same condi-
tion (Sobrido et al, 2007). Calcification of the
basal ganglia occurs with infectious, meta-
bolic, and genetic disorders. Inheritance of
idiopathic basal ganglia calcification disease
is as an autosomal dominant trait (14q). Most
affected people are asymptomatic (Bodaty
et al, 2002). It is uncertain whether the central
nervous system calcification is a metastatic
deposition or a primary disorder of neuronal
calcium metabolism.

Clinical Features. Onset may be in childhood,
but the usual age is in the third to fifth dec-
ades. The core clinical features of idiopathic
basal ganglia calcification are neuropsychiatric
and movement disorders. The expression of
idiopathic basal ganglia calcification varies
within a family.

Diagnosis. Diagnosis requires bilateral calcifi-
cation of the basal ganglia associated with
neurological deterioration and the absence
of an underlying metabolic disorder. The most
common area of calcification is the globus pal-
lidus. However, additional areas of involve-
ment include the putamen, caudate, dentate,
thalamus, and cerebral white matter. Every
child with basal ganglia calcification requires
assessment of parathyroid function to exclude
the possibility of either hyperparathyroidism
or pseudohypoparathyroidism.

Management. Specific treatment is not avail-
able. Symptoms may respond to drug therapy.

Neuroacanthocytosis
(Choreoacanthocytosis)

The term neuroacanthocytosis encompasses sev-
eral disorders including autosomal recessive
chorea-acanthocytosis and X-linked McLeod
syndrome (Walker et al, 2007). Familial and
nonfamilial cases of a progressive neurological
disorder exist in which the main features are
chorea and acanthocytosis with normal lipo-
protein levels. The acanthocyte is an abnormal
erythrocyte that has thorny projections from
the cell surface. Acanthocytosis occurs in at
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least three neurological syndromes: McLeod
syndrome (see Chapter 8), neuroacanthocy-
tosis, and abetalipoproteinemia (see Chapter
10). The clinical features in severe cases of
McLeod syndrome may be similar to those of
neuroacanthocytosis.

Clinical Features. Onset is usually in adult
life but may occur as early as the first decade.
The most consistent neurological findings
are impairment of frontal lobe function
and psychiatric symptoms. Tics, oroman-
dibular dyskinesia and dystonia, and self-
mutilation of the lips may be associated fea-
tures. Phenotypic variability is considerable
and may include axonal neuropathy, loss of
tendon reflexes, dementia, seizures, and
neurosis.

Diagnosis. The association of acanthocytes or
echinocytes (cells with rounded projections)
and neurological disease in the absence of
lipoprotein abnormality is required for diag-
nosis. Exclusion of McLeod syndrome is by
testing for the Kell antigen.

Management. Only symptomatic treatment is
available. Death occurs 10 to 20 years after
onset.

Paroxysmal Choreoathetosis

Paroxysmal choreoathetosis occurs in children
who are otherwise normal and in those who have
anobviousunderlyingstaticencephalopathy.The
normal children have a genetic disease, fami-
lial paroxysmal choreoathetosis (see Chapter 1),
and the abnormal children may have one of
several nongenetic disorders. Acquired parox-
ysmal choreoathetosis occurs most often in
children with cerebral palsy. Either hemi-
plegia or diplegia may be present, and the
involuntary movements affect only the paretic
limbs. The onset of the movement disorder
often begins 10 or more years after the acute
encephalopathy.
Systemic Disorders

Hyperthyroidism

Chapter 15 discusses the ocularmanifestations of
thyrotoxicosis. Tremor is themost common asso-
ciated movement disorder. Chorea is unusual
but, when present, may affect the face, limbs,
and trunk. Themovements cease when the child
becomes euthyroid.
Lupus Erythematosus

Clinical Features. Lupus-associated chorea is
uncommon, but may be the initial feature of
the disease. Onset of symptoms is 7 years
before to 3 years after the appearance of sys-
temic features. It is indistinguishable from
Sydenham chorea in appearance. The average
duration is 12 weeks, but one fourth of
patients have recurrences. Additional neuro-
logical features of lupus (ataxia, psychosis,
and seizures) are common in children who
have chorea, but occur only after the appear-
ance of systemic symptoms. Therefore, chorea
may be a solitary manifestation of disease.

Diagnosis. The diagnosis is clear in children
with known lupus erythematosus. When chorea
is the initial feature of lupus, the diagnosis is
more problematic. The erythrocyte sedimenta-
tion rate may be increased in both lupus and
Sydenham chorea and is not a distinguishing
feature. The presence of increased concentra-
tions of antinuclear antibodies is critical to the
diagnosis.

Management. The treatment of children with
neurological manifestations of lupus erythe-
matosus requires high doses of corticosteroids.
The overall outcome is poor.

Pregnancy (Chorea Gravidarum)

Chorea of any cause beginning in pregnancy is
chorea gravidarum. Rheumatic fever was once
the most frequent cause, but it is now antiphos-
pholipid antibody syndrome, with or without
systemic lupus erythematosus.

Clinical Features. The onset of chorea is usually
during the second to fifth month of pregnancy
but may begin postpartum. Cognitive change
may accompany the chorea. Symptoms usually
resolve spontaneously within weeks to months.

Diagnosis. Women in whom chorea develops
during pregnancy require studies for rheu-
matic fever, antiphospholipid antibody syn-
drome, and systemic lupus erythematosus.

Management. This is a self-limited condition, and
drugs should be used cautiously so as not to
harm the fetus. Pimozide is useful.

Sydenham (Rheumatic) Chorea

Sydenham chorea is the most common cause
of acquired chorea in children. It is a cardinal
feature of rheumatic fever and is sufficient
alone to make the diagnosis. Rheumatic chorea
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Table 14-3 Differential Diagnosis
of Abnormal Posturing

Dystonia
Hysteria
Muscular dystrophy
Myotonia
Neuromyotonia
Rigidity
Spasticity
Stiff man syndrome
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occurs primarily in populations with untreated
streptococcal infections. One hypothesis is that
a mistaken antibody attack against cells in the
basal ganglia occurs after exposure of geneti-
cally predisposed children to group A b-hemo-
lytic streptococcus infection.

Clinical Features. The onset is frequently insidi-
ous, and the diagnosis is often delayed. Chorea,
hypotonia, dysarthria, and emotional lability
are cardinal features. Difficulty in school may
bring the child to medical attention. Chorea
causes the child to be restless, and discipline
by the teacher results in emotional excess.
Obsessive-compulsive behavior may be present
and the behavioral change considered a sign
of mental illness.

Examination reveals a fidgeting child with
migratory chorea of limbs and face. Initially,
the chorea may be unilateral, but eventually it
becomes generalized in most patients. Efforts to
conceal chorea with voluntary movement only
add to the appearance of restlessness. Gradual
improvement occurs over several months. Most
recover completely. Rheumatic valvular heart dis-
ease develops in one third of untreated patients.

Diagnosis. The clinical features establish the
diagnosis. Laboratory tests are not confirmatory.
The differential diagnosis includes lupus-asso-
ciated chorea and drug-induced chorea. Test
the blood for lupus antinuclear antibodies and
thyroid function.Theonset of Sydenhamchorea
is usually 4 months after the provocative strepto-
coccal infection, and the antistreptolysin O titer
is then back to normal or only slightly increased.
During the time of illness, T2-weightedMRImay
show increased signal intensity in the putamen
and globus pallidus that resolves when the child
has recovered.

Management. Pimozide usually controls the
acute neurological symptoms without produc-
ing sedation. If pimozide does not relieve the
symptoms, benzodiazepines, phenothiazines,
and haloperidol are therapeutic options. The
treatment of all children with Sydenham cho-
rea is the same as that for acute rheumatic
fever: penicillin in high doses for 10 days to
eradicate active streptococcal infection and
prophylactic penicillin therapy until age 21.
DYSTONIA

Repetitive muscle contractions that are often
sustained at their peak characterize dystonia.
Appearance is one of an abnormal posture
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rather than an involuntary movement. Muscle
contractions can affect the limbs, trunk, or
face (grimacing). Involvement may be of a sin-
gle body part (focal dystonia), two or more con-
tiguous body parts (segmental dystonia), the arm
and leg on one side of the body (hemidystonia),
or one or both legs and the contiguous trunk
and any other body part (generalized dystonia).

Table 14-3 summarizes the differential diag-
nosis of abnormal posturing. Continuous
motor unit activity (see Chapter 8) may be dif-
ficult to distinguish from dystonia by clinical
inspection alone, especially when only one or
two limbs are affected. Electromyography dis-
tinguishes the two disorders in many cases.

Persistent focal dystonias are relatively com-
mon in adults, but are unusual in children except
when drug induced. Most dystonias in children
begin focally and eventually become generalized.
Children with focal, stereotyped movements of
the eyelids, face, or neck are much more likely
to have a tic than focal dystonia. Table 14-4 lists
childhood forms of focal dystonia.

Generalized dystonia usually begins in one
limb. The patient has difficulty performing
an act rather than a movement, so that the
foot becomes dystonic when walking forward
but may not be dystonic when sitting, stand-
ing, or running.
Drug-Induced Dystonia

Acute Reactions

Focal or generalized dystonia may occur as an
acute idiosyncratic reaction after a first dose of
dopamine antagonist (antiemetics and antipsy-
chotics). Possible reactions include trismus,
opisthotonos, torticollis, and oculogyric crisis.
Difficulty with swallowing and speaking may
occur. Metoclopramide, a nonphenothiazine
antiemetic that blocks postsynaptic dopamine
receptors, may produce acute and delayed (tar-
dive) dystonia. The acute reactions are usually



Table 14-4 Differential Diagnosis of Dystonia in Childhood

Focal Dystonias

Blepharospasm
Dopa-responsive dystonia
Drug-induced dystonia
Generalized dystonia beginning as focal dystonia
Torticollis
Writer’s cramp

Generalized Genetic Dystonias

Ataxia with episodic dystonia (see Chapter 10)
Ceroid lipofuscinosis (see Chapter 5)
Dopa-responsive dystonia
Familial paroxysmal choreoathetosis (see Chapter 1)
Glutaric acidemia type I
Hallervorden-Spatz disease
Hepatolenticular degeneration (Wilson disease)
Huntington disease (see Chapter 5)
Idiopathic torsion dystonia
Infantile bilateral striatal necrosis

Leber disease (see Chapter 16)
Machado-Joseph disease (see Chapter 10)
Mitochondrial disorders (see Chapters 5, 8, and 11)
Transient paroxysmal dystonia of infancy

(see Chapter 1)

Generalized Symptomatic Dystonias

Perinatal cerebral injury (see Chapter 1)
Postinfectious
Poststroke
Post-traumatic
Toxin-induced
Tumor-induced

Hemidystonias

Alternating hemiplegia (see Chapter 11)
Antiphospholipid syndrome (see Chapter 11)
Basal ganglia tumors
Neuronal storage disorders

Table 14-6 Differential Diagnosis
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self-limited or respond to treatment with anti-
cholinergics such as benztropine, but they may
be prolonged and resistant to therapy.

Tardive Dystonia

Usually, tardive dystonia has a generalized dis-
tribution in children, but it occurs as a focal
disturbance in adults. Tetrabenazine is helpful
in most patients, and anticholinergic drugs
offer relief in others.

Focal Dystonias

Blepharospasm

Blepharospasm is an involuntary spasmodic clo-
sure of the eyes. Table 14-5 summarizes the
differential diagnosis for children. Essential
blepharospasm, an incapacitating condition, is
a disorder of middle or late adult life and never
begins in childhood. Tics account for almost all
cases of involuntary eye closure in children. Eye
Table 14-5 Differential Diagnosis of
Blepharospasm in Childhood

Continuous motor unit activity
Drug induced
Encephalitis
Hemifacial spasm
Hepatolenticular degeneration (Wilson disease)
Huntington disease
Hysteria
Myokymia
Myotonia
Schwartz-Jampel syndrome
Seizures
fluttering occurs during absence seizures (see
Chapter 1), but is not confused with dystonia.
Focal dystonia involving eye closure in children
is usually drug induced.

Baclofen, clonazepam, trihexyphenidyl, and
injections of botulinum A toxin are often suc-
cessful in treating blepharospasm and orofacial
dystonia in adults.

Torticollis

Table 14-6 summarizes the differential diagnoses
of torticollis andhead tilt. The first step indiagno-
sis is to distinguish fixed fromnonfixed torticollis.
In fixed torticollis, the neck is not movable to the
neutral position. The cause may be a structural
disturbance of the cervical vertebrae, or it may
occur when pain prevents movement.

Evidence of concurrent dystonia in the face
or limbs indicates the need for further evalua-
tion directed at underlying causes of dystonia.
of Torticollis and Head Tilt

Benign paroxysmal torticollis
Cervical cord syringomyelia (see Chapter 12)
Cervical cord tumors (see Chapter 12)
Cervicomedullary malformations (see Chapters 10

and 18)
Diplopia (see Chapter 15)
Dystonia
Familial paroxysmal choreoathetosis (see Chapter 1)
Juvenile rheumatoid arthritis
Posterior fossa tumors (see Chapter 10)
Sandifer syndrome
Spasmus nutans (see Chapter 15)
Sternocleidomastoid injuries
Tics and Tourette syndrome
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When torticollis and corticospinal tract signs
(hyperactive tendon reflexes, ankle clonus,
extensor plantar responses) are associated, sus-
pect a cervical spinal cord disturbance, and
order cervicalMRI. Symptomsof increased intra-
cranial pressure indicate a posterior fossa tumor
with early herniation.When torticollis is the only
abnormal feature, the underlying causes are
focal dystonia, injury to the neck muscles, and
juvenile rheumatoid arthritis.

Nonfixed torticollis that occurs in attacks
suggests benign paroxysmal torticollis, familial
paroxysmal choreoathetosis, or familial dopa-
responsive dystonia (Schneider et al, 2006).
The combination of head tilt and nystagmus
in infants is termed spasmus nutans (see Chapter
15). A tic can cause head turning, but themove-
ment is so spasmodic that torticollis is not a
consideration.

BENIGN PAROXYSMAL TORTICOLLIS

The underlying cause of benign paroxysmal
torticollis is unknown. A migraine variant,
closely related to benign paroxysmal vertigo
(see Chapter 10), is the apparent cause in
some infants but not in others.

Clinical Features. Onset is always in the first
year. Head tilting to one side (not always the
same side) and slight head rotation character-
ize the episodes. The child may resist efforts to
return the head to a neutral position, but over-
coming the resistance is possible. Some chil-
dren have no other symptoms, whereas
others have pallor, irritability, malaise, and
vomiting. Most attacks last for 1 to 3 days,
end spontaneously, and tend to recur three
to six times a year. Children who are old
enough to stand and walk become ataxic dur-
ing attacks.

With time, the attacks may evolve into epi-
sodes characteristic of benign paroxysmal ver-
tigo or classic migraine or may simply cease
without further symptoms. The disorder may
occur in siblings, indicating a genetic factor,
but usually the family history only reveals
migraine.
Diagnosis. Suspect the disorder in any infant
with attacks of torticollis that remit spontane-
ously and pursue a family history of migraine.
Familial paroxysmal choreoathetosis and famil-
ial paroxysmal dystonia do not begin during
early infancy. Sandifer syndrome, intermittent
torticollis associated with hiatal hernia, is an
alternative consideration.
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Management. There is no treatment available
or needed for the acute attacks.
Writer’s Cramp

Writer’s cramp is a focal, task-specific dystonia.
It may occur only when writing or when
performing other specific manual tasks such
as typing or playing the piano (occupational
cramp). The cramp is more often isolated
but may be associated with other focal dysto-
nias, such as torticollis, or with generalized
dystonia.

Clinical Features. Onset is usually after 20 years
of age but may be in the second decade. In
writer’s cramp or other task-specific dystonias,
the dystonic postures occur when the patient
attempts to write or perform the task. The ini-
tial features are any of the following: aching in
the hand when writing, loss of handwriting
neatness or speed, and difficulty in holding
writing implements. All three symptoms are
eventually present. Dystonic postures occur
when the patient attempts to write. During
writing, the hand and arm lift from the paper,
and the fingers may flex or extend. Writing with
the affected hand becomes impossible, and the
patient learns to write with the nondominant
hand, which may also become dystonic.

Symptoms are at first intermittent and are
especially severe when others observe the
writing. Later, the movement occurs with each
attempt at writing. Some patients have lifelong
difficulty with using the dominant hand for
writing and may have difficulty with other man-
ual tasks as well. Others experience remissions
and exacerbations. Progression to generalized
dystonia is rare.

Diagnosis. Unfortunately, people often attri-
bute the cause of writer’s cramp or other task-
specific dystonias to psychological factors
despite the lack of associated psychopathologi-
cal features. Early diagnosis can save consider-
able expense and concern. Distinguish isolated
focal dystonia from generalized dystonia with
focal onset. Thoroughly explore the family
history, and repeat the examination to deter-
mine the presence of dystonia in other body
parts.

Management. Botulinum toxin type A is used
to treat focal dystonias. The same oral medica-
tions used to treat generalized dystonia should
be used in patients with focal dystonia (see
“Idiopathic Torsion Dystonia”).
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Generalized Genetic Dystonias

The classification of autosomal dominant dys-
tonias uses a numeric system. Three types of
dystonia are important entities in childhood.

Dopa-Responsive Dystonia

Other names for dopa-responsive dystonia
include dystonia-parkinsonism syndrome, dys-
tonia with diurnal variation, and Segawa dis-
ease. The cause of the syndrome is one of
two different genetic abnormalities. The
inheritance of one type is as an autosomal
dominant trait and the other is as an autoso-
mal recessive trait. The dominant type is
due to mutations in the gene for GTP cyclohy-
drolase 1, the cofactor for tyrosine hydroxylase
(Furukawa, 2007), and the recessive form is
due to mutations in the tyrosine hydro-
xylase gene (Swoboda and Furukawa, 2008).
Most reported cases of juvenile parkinsonism
are probably variants of dopa-responsive
dystonia.

Clinical Features. The onset of GTP cyclohy-
drolase 1–deficient dopa-responsive dystonia
is approximately 6 years of age. The initial fea-
ture is usually foot dystonia, which causes a
gait disturbance. Parkinsonian-like symptoms
follow. Diurnal fluctuation in the severity of
symptoms is common. Symptoms improve
considerably on awakening and worsen later
in the day. Arm dystonia with abnormal hand
posturing and postural tremor sometimes
appears first. Examination reveals brisk deep-
tendon reflexes in the legs and ankle clonus.
A gradual progression to generalized dystonia
follows. Intellectual, cerebellar, sensory, or auto-
nomic disturbances do not occur.

Tyrosine hydroxylase deficiency has a
broader phenotype. Onset is often in infancy.
Some have mild dystonia and others have a
parkinsonian-like syndrome and encephalopa-
thy. Marked variation in expressivity occurs
between affected members of the same kin-
dred. Age at onset is usually between 4 and
8 years, but may be as early as infancy and as
late as age 12 years. Incorrect diagnosis of
early-onset cases is common; cerebral palsy is
the common misdiagnosis. The initial feature
is nearly always a gait disturbance caused by
leg dystonia. Flexion at the hip and knee and
plantar flexion of the foot cause toe walking.
Both flexor and extensor posturing of the
arms develops, and finally parkinsonian fea-
tures such as cogwheel rigidity, masklike
facies, and bradykinesia appear. The disease
reaches a plateau in adolescence. Postural
or intention tremor occurs in almost half of
patients, but typical parkinsonian tremor is
unusual.

In some families, dystonia is predominantly
cervical in location. Additional symptoms may
include a postural tremor and laryngeal dysto-
nia. The genetic defect in such cases is not the
same as that in dopa-responsive dystonia
(Schneider et al, 2006).

Diagnosis. Every child with dystonia should be
treated with a trial dose of Sinemet, the origi-
nal brand of carbidopa-levodopa. The response
in affected children is dramatic. Some generic
preparations are not effective. Molecular genet-
ics testing is available on a clinical basis for
both forms of dopa-responsive dystonia.

Management. A small dose of carbidopa-levo-
dopa usually provides immediate and com-
plete relief in most patients, even when
initiating treatment long after symptoms
begin. No other dystonia responds as well. Ini-
tiate carbidopa-levodopa therapy at the lowest
possible dose and slowly increase the dose
until a response is established. Long-term
therapy is beneficial and required. Symptoms
return after discontinuing the drug. Trihexy-
phenidyl, in doses lower than ordinarily
needed to treat idiopathic torsion dystonia,
and bromocriptine are also partially effective.
Glutaric Acidemia Type I

Glutaric acidemia type I is a rare inborn error in
the catabolism of lysine, hydroxylysine, and
tryptophan.Genetic transmission is by autosomal
recessive inheritance. Deficiency of glutaryl–
coenzyme A dehydrogenase causes the disorder.
Clinical Features. Megalencephaly is usually
present at birth. Neurological findings may be
otherwise normal. Two patterns of illness occur
in affected infants (Bjugstad et al, 2000). In two
thirds of infants, the initial feature is an acute
encephalopathy characterized by somnolence,
irritability, and excessive sweating. Seizures
sometimes occur. The prognosis in such cases
is poor. Afterward, development regresses, and
progressive choreoathetosis and dystonia occur.

The other pattern is more insidious, and
the prognosis better. Affected infants are at
first hypotonic and later have mild develop-
mental delay and dyskinesias. Cerebral palsy
is a common misdiagnosis (see Chapter 12).
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Diagnosis. Metabolic acidosis may be present.
Abnormal urinary concentration of glutaric,
3-hydroxyglutaric, 3-hydroxybutyric, and aceto-
acetic acids are detectable. Demonstrating
the enzyme deficiency in cultured fibroblasts
establishes the diagnosis. Molecular genetics
testing and prenatal diagnosis are available.
Computed tomography often shows diffuse
attenuation of cerebral white matter and cere-
bral atrophy, most marked in the frontal and
temporal lobes.
Management. Oral carnitine supplementation,
together with the immediate administration
of fluids, glucose, electrolytes, and antipyretics
during febrile illnesses, slows disease progres-
sion in patients with little or no neurological
disease (Strauss et al, 2007).
Hepatolenticular Degeneration
(Wilson Disease)

Genetic transmission of hepatolenticular de-
generation is by autosomal recessive inheri-
tance. The defective gene site is located on
chromosome 13q14-q21, and the abnormal
gene product is the main copper transporter
moving copper from the hepatocyte into the
bile. Mutations that completely prevent func-
tion of the gene produce a more severe pheno-
type than certain types of missense mutations.
Tissue damage occurs after excessive copper
accumulation in the liver, brain, and cornea.
Clinical Features. Wilson disease can present
with hepatic, neurological, or psychiatric dis-
turbances, alone or in combination. The age
at onset ranges from 3 to older than 50 years
(Cox and Roberts, 2006). Hepatic failure is
the prominent clinical feature in children
younger than 10 years of age, usually without
neurological symptoms or signs. Neurological
manifestations with only minimal symptoms
of liver disease are more likely when the on-
set of symptoms is in the second decade. A sin-
gle symptom, such as a disturbance of gait or
speech, is often the initial feature and may
remain unchanged for years. Eventually the
initial symptoms worsen and new features de-
velop (dysarthria, dystonia, dysdiadochokinesia,
rigidity, gait and postural abnormalities, tremor,
and drooling). Dystonia of bulbar muscles is
responsible for three prominent features of
the disease: dysarthria, a fixed pseudosmile
(risus sardonicus), and a high-pitched whining
noise on inspiration.
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Psychiatric disturbances precede the neuro-
logical abnormalities in 20% of cases. They
range from behavioral disturbances to para-
noid psychoses. Dementia is not an early fea-
ture of the disease.

The Kayser-Fleischer ring, a yellow-brown
granular deposit at the limbus of the cornea,
is a certain indicator of the disease. The cause
is copper deposition in the Descemet mem-
brane. It is present in almost all patients with
neurological manifestations, although it may
be absent in children with liver disease alone.

Diagnosis. Hepatolenticular degeneration is a
consideration in any child with dysarthria and
dystonia. The association of chronic liver disease
with the neurological disturbances increases the
probability of hepatolenticular degeneration.
The detection of low serum copper and cerulo-
plasmin concentrations and increased urinary
copper excretion or the demonstration of a
Kayser-Fleischer ring by slit-lamp examination
establishes the diagnosis. Ninety-six percent of
patients will have a serum ceruloplasmin concen-
tration of less than 20 mg/dL, corresponding to
less than 56 g/dL of ceruloplasmin copper.
Molecular genetics testing of the ATP7B gene
(chromosomal locus 13q14.3-q21.1) is clinically
available.

Management. Treatment is lifelong. Copper
chelating agents (e.g., penicillamine, trien-
tine) that increase urinary excretion of copper
are the primary treatment for Wilson disease.
The dose of d-penicillamine is 250 mg four
times daily for children older than 10 years
of age and half as much for younger children.
Ingestion of penicillamine is always on an
empty stomach together with a daily dose of
25 mg pyridoxine. Measures of 24-hour urine
copper excretion confirm chelation. Urinary
copper values should run 5 to 10 times nor-
mal. Improvement is slow, and neurological
improvement frequently takes several months.
Worsening may occur during the first months
of therapy, but this should not be a cause for
alarm. Early treatment provides satisfactory
results without excess morbidity and mortality.

Oral administration of zinc interferes with
absorption of copper and is useful after initial
decoppering with a chelating agent. Antioxi-
dants, such as vitamin E, help to prevent tissue
damage, particularly to the liver. Liver trans-
plantation is required for patients who fail to
respond to or cannot tolerate medical therapy.
All siblings of patients with Wilson disease
require careful screening for disease and early
treatment.
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Idiopathic Torsion Dystonia

Early-onset idiopathic torsion dystonia (dystonia
1; dystonia musculorum deformans) is transmit-
ted by autosomal dominant inheritance with
reduced penetrance (30%–40%) and variable
expression. The gene locus is chromosome
9q34 (de Leon and Bressman, 2006). The fre-
quency of idiopathic torsion dystonia in Ashke-
nazi Jews is 5 to 10 times greater than that in
other groups. Nonfamilial cases probably repre-
sent autosomal dominant inheritance with
incomplete penetrance.

Clinical Features. Age at onset has a bimodal
distribution; for early onset, the mode is 9
years, and for late onset, the mode is 45 years.
The early-onset cases are more genetically
homogeneous.

The limbs usually become dystonic before
the trunk. The initial features may be in the
arms, legs, or larynx. Early leg involvement is
more common in children than in adults.
Despite the focal features at onset, dystonia
always generalizes in children, affecting the
limbs and trunk. Spontaneous stabilization is
the rule, but remission is unusual. The even-
tual outcome varies from complete disability
to functional independence.

Other clinical features include dysarthria,
orofacial movements, dysphagia, postural
tremor, and blepharospasm. Mental deteriora-
tion does not occur, but as a group, patients
with familial disease have a lower IQ than
those with sporadic cases.

Diagnosis. The clinical features of dystonic
movements and postures and the family history
suggest the diagnosis. Normal perinatal history,
no exposure to drugs, no evidence of intellec-
tual or corticospinal deterioration, and no
demonstrable biochemical disorder exclude
other possibilities. Molecular genetics testing
confirms the diagnosis.

Management. Medical management is often
ineffective. Deep brain stimulation of the bila-
teral globus pallidum is useful in many patients
(Volkmann and Benecke, 2002). The best med-
ical results come from high-dose anticho-
linergic therapy (trihexyphenidyl, 30 mg/day).
Although children tend to tolerate higher
doses than adults do, confusion and memory
impairment may limit usefulness. Other drugs
that may be of value include baclofen, car-
bamazepine, and benzodiazepines. All patients
with juvenile-onset dystonia should have a
trial of L-dopa to exclude dopa-responsive
dystonia. Botulinum toxin is useful for selected
focal problems.

Infantile Bilateral Striatal Necrosis

Bilateral striatal necrosis (BSN) occurs in sev-
eral genetic disorders that share pathological
features of bilateral, symmetrical, spongy degen-
eration of the corpus striatum and degenera-
tion of the globus pallidus (Straussberg et al,
2002). Familial infantile striatal degeneration
is rare, and inheritance can be autosomal reces-
sive or mitochondrial. The familial form has an
insidious onset and a slowly progressive course;
the sporadic form is associated with acute sys-
temic illness. Many features of BSN overlap with
those of Leigh syndrome and metabolic disor-
ders, such as glutaric acidemia I and methylma-
lonic aciduria. Onset is in infancy or early
childhood.

Clinical Features. Three clinical syndromes are
associated with infantile BSN. One type has
an insidious onset during infancy or child-
hood and a long clinical course that includes
dystonia, cognitive impairment, seizures, and
death. Most of these cases are probably mito-
chondrial disorders; one affected child had a
point mutation in the mitochondrial ATPase
6 gene. A clinical and pathological overlap
exists between progressive infantile BSN, sub-
acute necrotizing encephalomyelopathy (see
Chapter 5), and Leber hereditary optic neu-
ropathy (see Chapter 16).

A second syndrome begins as an acute
encephalopathy, usually after a febrile illness
with nausea and vomiting. The major features
are dystonia and tremor. The severity of symp-
toms may fluctuate at the time of intercurrent
illness. Some children recover spontaneously;
others have permanent impairment.

The third syndrome, described in Arab kin-
ships, may have a wider distribution. The etiol-
ogy may be defective transport of biotin across
the blood-brain barrier. Transmission is proba-
bly by autosomal recessive inheritance. Onset
is usually between 3 and 5 years of age. The
first symptoms are confusion, dysarthria, and
dysphagia. These initial features are followed
by cranial nerve palsies, cogwheel rigidity, dys-
tonia, and quadriparesis.

Diagnosis. The observation of static or pro-
gressive striatal necrosis on serial MRI studies
suggests the diagnosis.

Management. All features of biotin-responsive
BSN respond to administration of biotin, 5 to
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10 mg/kg/day, but reappear within 1 month
after biotin is discontinued. All children with
evidence of BSN should have a trial of biotin.

Pantothenate Kinase–Associated
Neurodegeneration

Pantothenate kinase-associated neurodegen-
eration, previously called Hallervorden-Spatz
syndrome, is neurodegeneration with brain iron
accumulation (Gregory and Hayflick, 2009). It
is a genetic disorder transmitted as an autoso-
mal recessive trait. The abnormality is in the
pank2 gene; the chromosome locus is 20p13.
Two other genetic disorders causing iron
deposition in the globus pallidus are acerulo-
plasminemia and neuroferritinopathy. Both have
adult onset and are not discussed in this text.

Clinical Features. The characteristic features
of pantothenate kinase-associated neurode-
generation are progressive dystonia and basal
ganglia iron deposition. The disorder becomes
symptomatic between 2 and 10 years of age in
more than half of patients, but may appear as
late as the third decade. The initial feature is
progressive rigidity, first in the foot, causing
an equinovarus deformity, and then in the
hand. Other features are choreoathetosis, rigid-
ity, and dysarthria. Two thirds of patients have a
pigmentary retinopathy (Hayflick et al, 2003).
Mental deterioration and spasticity follow, with
progression to spastic immobility and death
within 5 to 10 years.

Diagnosis. The MRI features and molecular
genetics testing are the basis for antemortem
diagnosis. T2-weighted MRI shows low-inten-
sity signal images from the globus pallidus,
with a central area of increased signal inten-
sity, the eye-of-the-tiger sign. Postmortem exami-
nation shows degeneration of the pallidum
and substantia nigra with deposition of iron-
containing material.

Management. Agents that chelate iron have
not proved effective. Symptomatic treatment
for dystonia includes intramuscular botulinum
toxin, baclofen pump placement, oral trihexy-
phenidyl, and deep brain stimulation.

Rapid-Onset Dystonia-Parkinsonism

Rapid-onset dystonia-parkinsonism (dystonia 12)
is a separate autosomal dominant form of dys-
tonia characterized by an unusually rapid evo-
lution of signs and symptoms (Brashear and
Ozelius, 2008).
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Clinical Features. The disorder is characterized
by the acute (hours) or subacute (days to
weeks) development of generalized dystonia
and parkinsonism that involve the face and
arms more than the legs. Symptoms respond
poorly to treatment with levodopa. Age at
onset is 4 to 55 years. Severe bulbar symptoms
such as dysarthria, drooling, and orofacial dys-
tonia are associated. Some show hypertonicity
and hyperreflexia. The onset may be asso-
ciated with stress or anxiety.

Diagnosis. Diagnosis depends on the clinical
features. Molecular genetics testing is available
on a research basis.

Management. A trial of levodopa is reasonable
in any child with new-onset dystonia even
though it is ineffective for this disorder. Once
levodopa fails, high doses of benzodiazepines
or trihexyphenidyl may provide symptomatic
relief. Children tolerate high doses when the
dosage is slowly increased; adults rarely tolerate
high doses.

Symptomatic Generalized Dystonia

An underlying tumor, an active encephalopa-
thy, or previous brain damage can cause
dystonia.

Clinical Features. The onset of dystonia may
be at the time of an acute encephalopathy,
after the acute phase has ended, or several
years later when the encephalopathy is static.
Delayed-onset chorea and dystonia in children
with perinatal disturbances such as asphyxia
and kernicterus usually begin by 2 to 3 years
of age but may begin in adolescence. After
involuntary movements appear, they tend to
become progressively more severe, but intel-
lectual decline is not an associated feature.
Delayed-onset dystonia may have a generalized
distribution.

Hemidystonia most often occurs after
stroke or head injury, but may be a symptom
of neuronal storage diseases or tumors of the
basal ganglia, alternating hemiplegia, and the
antiphospholipid antibody syndrome (see
Chapter 11). The dystonic limbs are contralat-
eral to the damaged basal ganglia.

Diagnosis. Children with a known cause for the
development of dystonia or chorea do not
require extensive studies. The new symptoms
are discouraging for patients and families,
who have adjusted to a fixed neurological defi-
cit. Provide assurance that the new symptoms
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are not evidence of new brain degeneration, but
are only the appearance of new symptoms from
old lesions. This sequence most likely occurs
when injury is perinatal and brain maturation
is required to manifest involuntary movements.

The appearance of hemidystonia, even with
a known predisposing event, necessitates MRI
to look for localized changes that may require
treatment, such as an expanding cyst. Con-
sider the possibility of tumor in children who
had been neurologically intact before hemi-
dystonia developed.

Management. The drugs used to treat symp-
tomatic dystonia are no different from those
used for genetic dystonia, but the results may
not be as favorable. Botulinum toxin may be
useful when specific muscle contractions are
causing severe disability.
Hemifacial Spasm

Involuntary, irregular contractions of the mus-
cles innervated by one facial nerve characterize
hemifacial spasm. This is a very rare condition
in children. The spasms may develop because
of aberrant regeneration after facial nerve
injury, secondary to posterior fossa tumor, or
without apparent cause.

Clinical Features. Spasms are embarrassing and
disturbing but not painful. The orbicularis oculi
muscles are the muscles affected first and most
commonly, causing forced closure of the eye.
As facial muscles on one side become affected,
they pull the mouth to one side. Spasms may
occur several times a minute, especially during
times of stress. The subsequent course depends
on the underlying cause.

Diagnosis. Hemifacial spasm in children may
be mistaken for a focal seizure. The stereo-
typed appearance of the spasm and a con-
current normal EEG are distinguishing
features. Suspect posterior fossa tumor in
every child with hemifacial spasm. Brain MRI
is required in every instance unless symptoms
are explained by a history of facial nerve
injury.

Management. Some patients respond to treat-
ment with carbamazepine at anticonvulsant
doses (see Chapter 1), but most do not
respond to medical therapy. Injection of botu-
linum toxin into the muscles in spasm is the
treatment of choice. Surgical procedures to
relieve pressure on the facial nerve from adja-
cent vessels are of questionable value.
MIRROR MOVEMENTS

Mirror movements are involuntary movements
of one side of the body—usually the hands—
that occur as mirror reversals of an intended
movement on the other side of the body. They
are normal during infancy and tend to disap-
pear before 10 years of age, coincident with
myelination of the corpus callosum. Persis-
tence of mirror movements may be a familial
trait caused by ipsilateral and contralateral
organization of the corticospinal pathways.
Obligatory mirror movements are abnormal
even in infants and suggest a congenital abnor-
mality at the cervicomedullary junction.
MYOCLONUS

The term myoclonus encompasses several invol-
untary movements characterized by rapid mus-
cle jerks. They are less frequent and severe
during sleep but may not disappear. Myoclo-
nus may be rhythmic or nonrhythmic; focal,
multifocal, or generalized; or spontaneous or
activated by movement (action myoclonus) or
sensory stimulation (reflex myoclonus).

The distinction of nonepileptic myoclonus
from tics, chorea, tremor, and seizures is easily
made. Tics are usually more complex and ste-
reotyped movements than myoclonus and are
briefly suppressed by voluntary effort; myoclo-
nus is not voluntarily suppressible. Chorea is
more random than myoclonus and often
incorporated into voluntary movement; myoc-
lonus is never part of a larger movement.
Rhythmic myoclonus and tremor look alike
and are difficult to distinguish clinically.
Tremor is a continuous to-and-fro movement,
whereas rhythmic myoclonus has a pause
between movements.

Table 14-7 summarizes the etiological classi-
fication of myoclonus. Physiological myoclo-
nus occurs in normal individuals when falling
asleep, during sleep (nocturnal myoclonus),
when waking up, and during times of anxiety.
Nocturnal myoclonus is a rhythmic jerking of
the legs during sleep that is common in
children. It requires distinction from restless
legs syndrome, a genetic disorder transmitted
by autosomal dominant inheritance (Earley,
2003). Leg discomfort at rest, relieved by
movement, characterizes the syndrome. Misdi-
agnosis of such symptoms as “growing pains” is
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Table 14-7 Etiological Classification
of Myoclonus

Physiological
Anxiety induced
Exercise induced
Sleep jerks and nocturnal myoclonus

Essential
Epileptic (see Chapter 1)
Symptomatic

Post–central nervous system injury
Hypoxia (see Chapter 2)
Stroke (see Chapter 11)
Trauma (see Chapter 2)

Basal ganglia degeneration
Hallervorden-Spatz disease
Hepatolenticular degeneration (Wilson disease)
Huntington disease (see Chapter 5)
Idiopathic torsion dystonia

Drug induced
Carbamazepine
Levodopa
Tricyclic antidepressants

Lysosomal storage diseases (see Chapter 5)
Metabolic encephalopathies (see Chapter 2)

Dialysis syndromes
Disorders of osmolality
Hepatic failure
Renal failure

Myoclonic encephalopathy (see Chapter 10)
Idiopathic
Neuroblastoma

Spinal cord tumor (see Chapter 12)
Spinocerebellar degenerations (see Chapter 10)
Toxic encephalopathies (see Chapter 2)
Viral encephalitis
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common. Periodic limb movements mainly
occur during sleep but also during wakefulness.

Epileptic myoclonus is associated with epi-
leptiform activity on the EEG (see Chapter 1).
The causes of symptomatic myoclonus include
drugs, electrolyte abnormalities, a cerebral
injury, or part of a generalized progressive
encephalopathy.
Essential Myoclonus

Essential myoclonus is a chronic condition of
focal, segmental, or generalized jerking aggra-
vated by action or stress. Affected individuals
are otherwise normal. Occurrence is usually
sporadic, but when familial, transmission is
by autosomal dominant inheritance.

Clinical Features. Onset is in the first or second
decade. Both genders are equally affected.
The movements are predominantly in the face,
trunk, and proximal muscles. Although usually
generalized, they may be restricted to one side
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of the body. No other neurological distur-
bances develop, and life expectancy is not
affected. Essential tremor may be present in
the same family.

Diagnosis. The clinical features and family his-
tory establish the diagnosis. Careful neurologi-
cal examination, EEG, and brain imaging
exclude symptomatic and epileptic myoclo-
nus. Even then, a period of observation and
repeat laboratory investigations may be neces-
sary to eliminate other causes.

Management. Mild essential myoclonus does not
require treatment. Botulinum toxin type A injec-
tion into the affected muscles often reduces the
movement. Clonazepam is the drug of choice
in those requiring therapeutic intervention. Car-
bamazepine, tetrabenazine, and valproate are
useful in symptomatic myoclonus and may be
beneficial in generalized myoclonus as well.
Symptomatic Myoclonus

Myoclonus is often a symptom of an underly-
ing neurological disease. Generalized myoclo-
nus is the rule when the cause is a diffuse,
progressive encephalopathy (such as lysosomal
storage diseases) and segmental when the
lesion is focal in the brainstem or spinal cord.
Multifocal myoclonus may occur as a non–
dose-dependent side effect of carbamazepine
therapy in children.

Posthypoxic Myoclonus
(Lance-Adams Syndrome)

Posthypoxic myoclonus is a form of action
myoclonus in patients who have experienced
an episode of hypoxia. It does not follow
hypoxic-ischemic encephalopathy of the new-
born. Single or repetitive myoclonic jerks occur
when voluntary movement is attempted. Facial
and pharyngeal muscle myoclonus interferes
with speech and swallowing. Cerebellar distur-
bances are usually associated findings.

Myoclonus usually begins during recovery
from anoxic encephalopathy; once it is started
it never remits. It may respond to valproate,
5-hydroxytryptophan, or clonazepam.

Segmental (Focal) Myoclonus

Segmental myoclonus is an involuntary con-
traction of contiguous muscles innervated by
the brainstem or spinal cord. It may be
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rhythmic or nonrhythmic. Rhythmic segmen-
tal myoclonus looks like a focal seizure. The
underlying causes in children are limited
mainly to demyelinating diseases and intrinsic
tumors. Cystic astrocytoma of the spinal cord
is the major cause of spinal myoclonus and
may be the initial feature (see Chapter 12).

Palatal myoclonus is the most common seg-
mental myoclonus of brainstem origin. Unilat-
eral or bilateral rhythmic contractions of the
palate (80–180/min) that usually persist during
sleep are characteristic. It may be associated
with rhythmic contractions of the eyes, larynx,
neck, diaphragm, trunk, and limbs. Lesions in
the central tegmental tract or the dentato-oli-
vary pathways cause palatal myoclonus. The
median interval between the precipitating
cause and the onset of palatal myoclonus is 10
to 11 months. Clonazepam and tetrabenazine
are the most useful drugs in the treatment of
segmental myoclonus.
RESTLESS LEGS SYNDROME

Once thought exclusively a disorder of adults,
the increased laboratory investigation of sleep
disorders in children reveals a small percent-
age with restless legs syndrome (Kotagal and
Silber, 2004). At least four different genetic
disorders are associated with the restless legs
syndrome.

Clinical Features. The essential elements of the
syndrome are an urge to move the legs, usually
accompanied by uncomfortable or unpleasant
sensations in the legs. These elements begin
or worsen during periods of rest or inactivity
such as lying or sitting; they are partially or
totally relieved by movement and worse in
the evening or at night (Allen et al, 2003).
Sleep disturbances are associated. Almost two
thirds have a positive family history, with
mothers affected three times more often than
fathers.

Diagnosis. Diagnosis is established based on
the clinical features. A sleep laboratory study
is useful to diagnose this disorder and asso-
ciated sleep disorders. Eighty percent of
affected children have deficient serum ferritin
blood concentrations.

Treatment. Oral iron is the initial intervention
in those with low serum ferritin blood concen-
trations. Pharmacotherapy includes pramipex-
ole, clonazepam, and gabapentin.
STEREOTYPIES

Stereotypies are repeated, purposeless move-
ments that may be simple or complex. Simple
stereotypies are foot or finger tapping and
hair curling. Complex stereotypies range from
shuddering attacks to sequential movements
of the head, arms, and body. They seem inten-
tional. Occasionally, a history of similar move-
ments is present in other family members. The
shaking of crossed legs in infants and young
children, often attributed to “masturbation,”
is a stereotypy. The difference is that stereoty-
pies are outgrown and masturbation is not.

The main differential diagnosis is seizures
and complex tics. Seizures are never stereo-
typed. Complex tics are more difficult to dif-
ferentiate. Stereotypies differ from tics in that
suppression of the movement does not cause
tension, and other features of Tourette syn-
drome are not present. Stereotypies tend to
disappear as the child ages. Treatment is nei-
ther needed nor effective. The best manage-
ment is to ignore the movements.
TICSANDTOURETTESYNDROME

Tics or habit spasms are complex, stereotyped
movements (motor tics) or utterances (verbal
tics) that are sudden, brief, and purposeless.
They may be confused with chorea, but their
stereotyped appearance distinguishes the move-
ments. A tic can be accurately described and
reproduced by an observer (e.g., “He blinks his
eyes”); chorea cannot. Tics are suppressible for
short time periods, with some discomfort, and
never incorporated into a voluntary movement.
Chorea is harder to suppress and usually elabo-
rated into a voluntary movement. Stress exacer-
bates tics and chorea, and both disappear
during sleep.

Tourette syndrome is any combination of verbal
and motor tics. It is not a separate disease, but
rather part of a phenotypic spectrum that
includes simple motor tics, attention deficit
disorder, and obsessive-compulsive behavior
(Jankovic, 2001). Transmission of the syndrome
is as a highly penetrant autosomal dominant
trait in whichmales more commonly express tics
and attention deficit disorder and females more
commonly express obsessive-compulsive behav-
ior. Bilineal transmission is common and may
correlate with the severity of disease. Two identi-
fied abnormal gene loci are 13q31 and 11q23
(Online Mendelian Inheritance in Man, 2007).

In addition to the strong evidenceof a genetic
basis for Tourette syndrome, environmental
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factors also play a role. Stimulants provoke tics
in predisposed children, and streptococcal
infection may cause the sudden onset of severe
tics or obsessive-compulsive disorder. The term
pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infection (PANDAS)
acknowledges the association of streptococcal
infection with the acute exacerbation of chorea
or tics (Dale et al, 2001).

Clinical Features. Affected children are not
mentally disturbed before symptoms begin.
Although the frequency of behavioral distur-
bances increases in children with Tourette syn-
drome, consider both the movement disorder
and the behavioral disturbances as an expres-
sion of the same underlying genetic defect;
one does not cause the other.

Onset is anytime from 2 to 15 years of age,
with the mean age at onset between 6 and 7
years. The period in which tic severity is the
greatest is between 8 and 12 years of age, and
half of children are tic free by age 18 years.
Neck muscles are often the first affected, caus-
ing a head movement in which the child
appears to be tossing hair back from the face.
New motor tics develop either in place of, or
in addition to, existing tics. They usually affect
the head, eyes, or face. Common tics include
eye blinking, grimacing, lip smacking, and
shrugging of one or both shoulders.

The initial verbal tics are usually a clearing
of the throat, a snorting or sniffing noise,
and a coughlike noise. Many children who
make sniffing or coughing noises will undergo
an extensive evaluation for allergy and found
to be allergic to something. Desensitization
is then the next unsuccessful intervention.
Grunting and hissing are other verbal tics.
Uttering profanities (coprolalia) is rare in chil-
dren. The patient is able to suppress profane
language when it occurs and replace profan-
ities with barking or coughing noises.

Symptoms wax and wane spontaneously
and in response to stress and excitement. Tics
usually become less frequent when children
are out of school. Although some children
outgrow their tics, some have lifelong diffi-
culty and others have prolonged remissions
with recurrence in middle age or later.

One half of children with tics have an atten-
tion deficit disorder, and one third have
obsessive-compulsive disorder. The charac-
teristics of attention deficit disorder are
hyperactivity (attention-deficit/hyperactivity dis-
order), short attention span, restlessness, poor
concentration, and impaired impulse control.
Stimulants treat attention-deficit/hyperactivity
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disorder, but unfortunately all stimulants,
including caffeine, have the potential to accen-
tuate tics in genetically predisposed children.

Characteristic of obsessive-compulsive behav-
ior is ritualistic actions and thoughts, which
may include touching things repeatedly, plac-
ing objects in a certain place, washing and
rewashing hands, having obsessive thoughts
about sex or violence, and counting objects.
The following questions elicit a history of
obsessive–compulsive behavior in family mem-
bers, especially mothers: Do you routinely go
back and check the door and lights after you
leave the house? Do you have routines in the
way that you clean the house or fold clothes?
Ensuring the diagnosis of obsessive-compulsive
behavior is a mother’s response that these
habits are driving her family crazy.

Diagnosis. The clinical features establish the
diagnosis. Laboratory tests are not helpful
and are unnecessary in obvious cases. EEG,
MRI, and psychological test results are normal.
The serum concentration of neuronal autoan-
tibodies does not differentiate those with
PANDAS and Tourette syndrome from con-
trols (Singer et al, 2005). Tics do not ordi-
narily occur in degenerative diseases of the
nervous system or as an adverse reaction to
drugs. Drug-induced tics are the potentiation
of Tourette syndrome in a genetically predis-
posed child. Carbamazepine and lamotrigine,
as well as amphetamine and methylphenidate,
may trigger the symptoms. Withdrawal of the
potentiating drug does not always stop the tics.

Management. Most children with tics and
Tourette syndrome do not require drug treat-
ment. The decision to prescribe medication
depends on whether the tics bother the child.
Drug therapy is not required if the tics bother
the parents but do not disturb the child’s life.
Tell the parents that the tics are not a sign of
progressive neurological or mental illness, that
they worsen with stress, and that they decrease
in frequency if ignored. Caffeine may exacer-
bate tics and should be decreased or removed
from the diet.

Drug treatment is difficult to evaluate
because the disorder’s natural history is one
of exacerbation and remission. The most use-
ful drugs to control tics are pimozide, fluphen-
azine, ziprasidone, and haloperidol. Pimozide
is my personal preference. The incidence of
adverse effects is very low when small doses
are used. The initial dose of pimozide is
1 mg/day and is increased 1 mg each week as
needed. The maintenance dose is usually 2 to
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4 mg/day and should never exceed 10 mg/day.
The initial dose of fluphenazine is 1 mg/day
and is increased 1 mg each week. The usual
maintenance dose is 2 to 6 mg/day; it should
never exceed 10 mg/day. Start haloperidol as
a single dose of 0.5 mg at night and slowly
increase it by 0.5 mg each week until tics are
reasonably controlled or adverse reactions are
noted. The usual maintenance dose is 1 to
3 mg/day in two divided doses.

The major toxic effects of all three drugs
are sedation, irritability, and depression of
appetite. Dystonia and akathisia are idiosyn-
cratic reactions. Many physicians recommend
clonidine because it is also useful for attention
deficit disorder. I have not found it as effective
for tics. One randomized, placebo-controlled
trial found pergolide, 0.15 to 0.45 mg/day,
safe and efficacious in treating tics (Gilbert
et al, 2003).

Any of these drugs may lose their efficacy
after prolonged use, but effectiveness may
return after an interval of withholding the
drug. Interrupted therapy with one drug or
alternating between two drugs is reasonable.
Treat obsessive-compulsive disorder, when it
occurs as part of the Tourette phenotype, with
serotonin reuptake inhibitors such as fluoxe-
tine, escitalopram, or sertraline. A modest
dose of either drug may be effective not only
for the obsessive-compulsive disorder, but also
for the tics, either alone or in conjunction
with pimozide.

The long-term outcome for children with
tics is difficult to ascertain. Many reports indi-
cate that tics improve and may cease during
adult life, but a recent report indicates that
tics were still present in 90% of adults with
childhood-onset tics (Pappert et al, 2003).
TREMOR

Tremor is an involuntary oscillating move-
ment with a fixed frequency. The product of
tremor frequency and amplitude is constant;
because frequency decreases with age, ampli-
tude increases. Shuddering, cerebellar ataxia
or dysmetria, and asterixis are not tremors
because they lack rhythm. Myoclonus may
be rhythmic, but the movement interrupts
between oscillations.

All normal individuals have a low-amplitude
physiological tremor, inherent in maintaining
a posture, which is easily observed when hold-
ing a laser pointer steady. Physiological tremor
increases to a clinically detectable level in
some situations (e.g., anxiety, excitement,
exercise, fatigue, stress) and with some drugs
(e.g., adrenergic agonists, nicotine, predni-
sone, thyroid hormone, xanthines). Hyperthy-
roidism is routinely associated with enhanced
physiological tremor.

Parkinsonism is a common cause of patho-
logical tremors in adults, but it does not occur
in children except when drug induced or as
part of a complex degenerative disorder.
Typical parkinsonian tremor is seldom pres-
ent in these situations. Essential (physiologi-
cal) tremor is the major cause of tremor in
children.
Essential Tremor

Essential (familial) tremor, which is a type of
enhanced physiological tremor, is a mono-
symptomatic condition transmitted as an auto-
somal dominant trait. Two different gene loci
are responsible. One maps to chromosome
3q13 (Louis, 2001) and the other to chromo-
some 2p25-p22 (Higgins et al, 2003).

Clinical Features. Childhood- and adult-onset
cases are similar. The tremor usually appears
in the second decade, but can begin as early
as 2 years of age. Only limbs in use show the
tremor. The head, face, and neck are some-
times affected. The head tremor is usually
mild, with a no, no movement appearance.
The tremor frequency in the limbs is typically
between 4 and 8 Hz. Essential tremor may
impair function, especially schoolwork, and
therefore disturbs the patient. In young chil-
dren, the tremor has the appearance of rest-
lessness or clumsiness. Only later does the
tremor display an action tremor quality.

Greater precision of movement increases
the tremor. Therefore, tremor appears first
and most prominently in the hands. It is fur-
ther enhanced by anxiety, concentrated effort
to stop the tremor, and fatigue. Essential
tremor is generally lifelong.

Diagnosis. Essential tremor in children is often
mistaken for cerebellar dysfunction because it
occurs with action (intention). The two are
easily differentiated because essential tremor
is rhythmic and not dysmetric (does not
become worse at the endpoint) and because
it is not associated with other signs of cerebel-
lar dysfunction.

Management. Not all people with essential
tremor require treatment. Medication should
be reserved for situations in which tremor
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impairs function. Propranolol, 1 to 2 mg/kg/
day, or primidone, 2 to 10 mg/kg/day, is
effective in controlling tremor in 70% of cases.
Other options include topiramate (Ondo
et al, 2006) and gabapentin. A surgical option
for individuals with incapacitating essential
tremor is deep brain stimulation of the ventral
intermediate nucleus of the thalamus (Vaillen-
court et al, 2003). Alcohol ingestion relieves
essential tremor, but this treatment should
be discouraged.
Paroxysmal Dystonic Head Tremor

Clinical Features. Paroxysmal dystonic head
tremor is an uncommon nonfamilial syn-
drome of unknown cause. The major feature
is attacks of horizontal head tremor (fre-
quency, 5–8 Hz), as if the person were saying
“no.” Onset occurs in adolescence, and all
patients in the literature as well as three ado-
lescents in my own practice were male. The
attacks vary from 1 to 30 minutes, are not pro-
voked by any single stimulus, and cannot be
suppressed. A head tilt predates the onset of
tremor by 5 to 10 years. The attacks are life-
long but do not progress to other neurological
symptoms. Results of the examination are oth-
erwise normal.

Diagnosis. Imaging studies of the brain show
no abnormalities. In an infant, the combina-
tion of head nodding and head tilt would be
diagnosed as spasmus nutans even in the
absence of nystagmus (see Chapter 15), and
perhaps the underlying mechanism is similar.

Management. Daily use of clonazepam reduces
the frequency and severity of attacks, but the
head tilt may persist.
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15
Disorders of Ocular Motility
The maintenance of binocular vision by con-
jugate movement of the eyes is perhaps the
most delicate feat of muscular coordination
achieved by the nervous system. Disorders of
the visual sensory system, ocular muscles, ocu-
lar motor nerves, neuromuscular transmission,
or gaze centers of the central nervous system
may disturb ocular motility. This chapter deals
with nonparalytic strabismus, paralytic strabis-
mus (ophthalmoplegia), gaze palsies, ptosis,
and nystagmus. Visual and pupillary disorders
are discussed in Chapter 16.
NONPARALYTIC STRABISMUS

Strabismus (squint), or abnormal ocular align-
ment, affects 3% to 4% of preschool children.
Many individuals have a latent tendency for ocu-
lar misalignment (heterophoria) that becomes
apparent only with stress or fatigue. During per-
iods of misalignment, the child may have diplo-
pia or headache. Constant ocular misalignment
is heterotropia. Children with heterotropia sup-
press the image from one eye to avoid diplopia.
If only one eye fixates continuously, visual acuity
may be lost permanently in the other (develop-
mental amblyopia).

In nonparalytic strabismus, the amount of
deviation in different directions of gaze is rela-
tively constant (comitant). Each eye moves
through a normal range when tested separately
(ductions), but the eyes are disconjugate when
used together (versions). Many children with
chronic brain damage syndromes, such as mal-
formations or perinatal asphyxia, have faulty
fusion or faulty control of conjugate gaze
mechanisms (nonparalytic strabismus). In neu-
rologically normal children, the most common
cause of nonparalytic strabismus is either a
genetic influence or an intraocular disorder.
Ocular alignment in the newborn is usually
poor, with transitory shifts of alignment from
convergence to divergence. Ocular alignment
usually establishes by 3 to 4 weeks of age but
may not occur until 5 months. Approximately
2% of newborns exhibit tonic downward devia-
tion of the eyes during the waking state. Con-
stant ocular alignment usually begins after
3 months of age. Approximately 2% of
newborns exhibit tonic downward deviation of
the eyes during the waking state. The eyes
assume a normal position during sleep and
are able to move upward reflexively.
Esotropia

Esotropia is an inward deviation (convergence)
of the eyes. Early-onset esotropia presents
before 6 months of age. The observation of
accommodative esotropia is usually between
2 and 3 years of age and may be undetected
until adolescence.
Clinical Features. Children with infantile eso-
tropia often alternate fixation between eyes
and may cross-fixate, that is, look to the left
with the right eye and to the right with the left
eye. The misalignment is sufficient that family
members see that a problem exists. Some chil-
dren fixate almost entirely with one eye and
are at risk of permanent loss of visual acuity
(developmental amblyopia) in the other.

Accommodative esotropia occurs when accom-
modation compensates for hyperopia. Accom-
modation more sharply focuses the blurred
image. Because convergence accompanies
accommodation, one eye turns inward. Some
children with accommodative esotropia cross-
fixate and use each eye alternatively while the
other maintains fixation. However, if one eye
is more hyperopic than the other, only the bet-
ter eye fixates and the unused eye has a consid-
erable potential for amblyopia.
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Table 15-1 Extraocular Muscles

Ocular Muscles Innervation Function

Lateral rectus Abducens Abduction
Medial rectus Oculomotor Adduction
Superior rectus Oculomotor Elevation,

intorsion,
adduction

Inferior rectus Oculomotor Depression,
extorsion,
adduction

Inferior oblique Oculomotor Extorsion,
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Diagnosis. An ophthalmologist should exam-
ine the eyes to determine whether hyperopia
is present.

Management. Eyeglasses correct hyperopic er-
rors. The treatment of early-onset esotropia,
in which only one eye fixates, consists of alter-
nate eye patching. Early corrective surgery is
required for persistent esotropia. Esotropia
presenting after 6 years of age raises concern
for a posterior fossa disorder such as a Chiari
malformation.
elevation,
abduction

Superior oblique Trochlear Intorsion,
depression,
abduction
Exotropia

Exotropia is an outward divergence of the
eyes. It may be intermittent or constant.

Clinical Features. Intermittent exotropia is a
relatively common condition that begins
before 4 years of age. It is most often evident
when the child is fatigued and fixating on a
far object or in bright sunlight. The natural
history of the condition is unknown. Constant
exotropia may be congenital, but poor vision
in the outward-turning eye is also a cause.

Diagnosis. Exotropia is an indication to exam-
ine the eye for intraocular disease.

Management. In children with intermittent
exotropia, the decision to perform corrective
surgery depends on the frequency and degree
of the abnormality. When exotropia is con-
stant, treatment depends on the underlying
cause of visual loss.
OPHTHALMOPLEGIA

The causes of paralytic strabismus include dis-
orders of the ocular motor nerves, the ocular
muscles, or neuromuscular transmission.
Table 15-1 summarizes the muscles, the nerves,
and their functions. The eyes no longer move
together, and diplopia is experienced. Strabis-
mus and separation of images worsen when
the child gazes in the direction of action of
the paralyzed muscle.
Congenital Ophthalmoplegia

Testing of eye movements is uncommon in
newborns, and ophthalmoplegia is often missed.
It is common for strabismus to remain unno-
ticed for several months and then discounted
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as transitory esotropia. Therefore, consider con-
genital ophthalmoplegia even when there is no
history of ophthalmoplegia at birth.

Oculomotor Nerve Palsy

Clinical Features. Congenital oculomotor nerve
palsy usually is unilateral and complete. Pupil-
lary reflex paralysis is variable. Other cranial
nerve palsies, especially abducens, may be asso-
ciated. The palsy is often unrecognized at birth.
Most oculomotor nerve palsies are idiopathic,
but some are genetic or caused by orbital
trauma. The affected eye is exotropic and usu-
ally amblyopic. Lid retraction on attempted
adduction or downward gaze may be evidence
of aberrant regeneration.

Diagnosis. Magnetic resonance imaging (MRI)
excludes the possibility of an intracranial mass
that is compressing the nerve. Exophthalmos
suggests an orbital tumor. An unreactive,
dilated pupil excludes the diagnosis of myasthe-
nia gravis, but a normal pupil requires testing
for myasthenia.

Management. Extraocular muscle surgery may
improve the cosmetic appearance but rarely
improves ocular motility or visual function.

Trochlear Nerve Palsy

Clinical Features. Congenital superior oblique
palsy is usually unilateral. Birth trauma is usu-
ally the suspected cause, but the actual cause
is rarely established. Most congenital cases
are idiopathic. The head tilts away from the
paralyzed side to keep the eyes in alignment
and avoid diplopia. The major ocular features
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are noncomitant hypertropia, greatest in the
field of action of the involved superior oblique
muscle; underaction of the paretic superior
oblique muscle and overaction of the inferior
oblique muscle; and increased hypertropia
when the head tilts to the paralyzed side (pos-
itive Bielschowsky test).

Diagnosis. Head tilt, or torticollis (see Chapter
14), is not a constant feature. Once examina-
tion confirms a superior oblique palsy, impor-
tant etiological considerations other than con-
genital ones include trauma, myasthenia gravis,
and brainstem glioma.

Management. Prisms are effective for small-
angle deviations; otherwise, patients require
surgery.

Abducens Nerve Palsy

Clinical Features. Congenital abducens nerve
palsy may be unilateral or bilateral and is some-
times associated with other cranial nerve palsies.
Lateral movement of the affected eye(s) is par-
tially or completely limited. Most infants use
cross-fixation and thereby retain vision in both
eyes. In the few reported cases of congenital
palsy with a pathological correlation, the abdu-
cens nerve is absent and its nucleus is
hypoplastic.

Möbius syndrome is the association of congen-
ital facial diplegia and bilateral abducens nerve
palsies (see Chapter 17). Duane syndrome is apla-
sia of one or both nuclei of the abducens nerve
with innervation of the atrophic lateral rectus
by fibers of the oculomotor nerve (Chung
et al, 2000). Ten percent of cases are genetic;
the gene locus is on chromosome 8. The char-
acteristic features are lateral rectus palsy, some
limitation of adduction, and narrowing of the
palpebral fissure because of globe retraction
on attempted adduction. Other ocular, ear,
and systemic malformations may be associated.

Diagnosis. MRI excludes the possibility of an
intracranial mass lesion, and a hearing test is
required.

Management. Surgical procedures may be use-
ful to correct head turn and to provide binoc-
ular vision, but they do not restore ocular
motility.

Brown Syndrome

Brown syndrome is the result of congenital
shortening of the superior oblique muscle or
tendon, which causes mechanical limitation
of elevation in adduction. Usually, only one
eye is involved.

Clinical Features. Elevation is limited in adduc-
tion, but is relatively normal in abduction.
Passive elevation (forced duction) is also
restricted. Other features include widening of
thepalpebral fissureonadductionandbackward
head tilt.

Diagnosis. The diagnosis of Brown syndrome
requires the exclusion of acquired shortening
of the superior oblique muscle. The causes of
acquired shortening of the superior oblique
muscle include juvenile rheumatoid arthritis,
trauma, and inflammatory processes affecting
the top of the orbit (see “Orbital Inflamma-
tory Disease”).

Management. Surgical procedures that extend
the superior oblique muscle can be useful in
congenital cases.

Congenital Fibrosis of the Extraocular
Muscles

Inheritance of congenital fibrosis of the extra-
ocular muscles is by autosomal dominant inher-
itance, and the abnormal gene maps to
chromosome 12p (Online Mendelian Inheri-
tance in Man, 2003). If all affected members
of a family have typical congenital fibrosis
of the extraocular muscles, the phenotypic clas-
sification is fibrosis of the extraocular muscles
type 1. Fibrosis of the extraocular muscles type
2 is associated with bilateral ptosis with the eyes
fixed in an exotropic position. Genetic trans-
mission is as an autosomal recessive trait.

Clinical Features. Affected children have con-
genital bilateral ptosis and restrictive ophthalmo-
plegia, with their eyes partially or completely
fixed in a downward position. Congenital fibrosis
of the extraocularmuscles is a relatively static dis-
order that is phenotypically homogeneous when
completely penetrant. Some children have mild
delay in achieving milestones during infancy,
and some have a mild facial diplegia. The head
is tilted back to allow vision, and diplopia is not
associated despite the severe misalignment of
the eyes.

Diagnosis. The clinical findings and the family
history are the basis for diagnosis. Laboratory
studies are useful only to exclude other
possibilities.
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Table 15-2 Causes of Ptosis

Congenital

Congenital fibrosis of extraocular muscles
Horner syndrome
Myasthenia gravis
Oculomotor nerve palsy

Acquired

Horner syndrome
Lid inflammation
Mitochondrial myopathies (see Chapter 8)
Myasthenia gravis
Oculomotor nerve palsy
Oculopharyngeal dystrophy (see Chapter 17)
Ophthalmoplegic migraine
Orbital cellulitis
Trauma
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Management. The goal of treatment is improve-
ment of vision by correcting ptosis.

Congenital Myasthenia Gravis

Several clinical syndromes of myasthenia gravis
occur in the newborn (see Chapter 6). Congen-
ital myasthenic syndromes are genetic disorders
of the neuromuscular junction. Their classifica-
tion is by defect site (presynaptic, synaptic, or
postsynaptic). Postsynaptic disorders are divisi-
ble by the kinetic defects into fast channel and
slow channel and a third disorder of acetylcho-
line receptor (AChR) deficiency. Approximately
10% of cases of congenital myasthenic syn-
drome are presynaptic, 15% are synaptic, and
75% are postsynaptic. AChR deficiency causes
most postsynaptic cases (Engel et al, 2003).
Genetic transmission is by autosomal recessive
inheritance. Other underlying defects include
abnormal acetylcholine resynthesis or immobili-
zation, reduced endplate acetylcholinesterase,
and impaired function of the AChR. In 25% of
patients with AChR deficiency, AChR mutations
are undetectable. Among these patients, rapsyn
(receptor-associated protein at the synapse) defi-
ciency is an important causative factor (Burke
et al, 2003).

Clinical Features. Although transmission of
these disorders is by autosomal recessive inheri-
tance, a male-to-female bias of 2:1 exists. Sym-
metrical ptosis and ophthalmoplegia are
present at birth or shortly thereafter. Mild facial
weakness may be present but is not severe
enough to impair feeding. If partial at birth,
the ophthalmoplegia becomes complete during
infancy or childhood. Generalized weakness
sometimes develops.

Diagnosis. Suspect the diagnosis in any new-
born with bilateral ptosis or limitation of eye
movement. Intramuscular injection of edro-
phonium chloride produces a transitory
improvement in ocular motility. Repetitive
nerve stimulation of the limbs at a frequency
of 3 Hz may evoke a decremental response that
is reversible with edrophonium chloride. This
suggests that the underlying defect, although
producing symptoms only in the eyes, causes
generalized weakness at birth. Commercial test-
ing is available for rapsyn mutations.

Management. No evidence of an immunopathy
exists, and immunosuppressive therapy is not
recommended. Thymectomy and corticoste-
roids are ineffective. Anticholinesterases may
decrease facial paralysis but have little or no
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effect on ophthalmoplegia. The weakness, in
some children, responds to 3,4-diaminopyridine,
an agent that releases acetylcholine (Harper
and Engel, 2000) combined with anticholines-
terases. 3,4-Diaminopyridine is not yet commer-
cially available in the United States but can be
obtained on a compassionate use basis for indi-
vidual patients from Jacobus Pharmaceutical
Co. (Princeton, NJ).

Congenital Ptosis

Congenital drooping of one or both lids is rela-
tively common, and the drooping is unilateral
in 70%. The cause is unknown, but the condi-
tion rarely occurs in other family members.
The three forms of hereditary congenital ptosis
are simple, with external ophthalmoplegia, and
with blepharophimosis. Genetic transmission of
the simple form is either by autosomal dominant
(Pavone et al, 2005) or by X-linked inheritance.

Clinical Features. Congenital ptosis is often
unnoticed until early childhood or even adult
life and then diagnosed as an “acquired” ptosis.
Miosis is sometimes an associated feature and
suggests the possibility of Horner syndrome,
except that the pupil responds normally to
pharmacological agents. Some patients have a
synkinesis between the oculomotor and trigem-
inal nerves; jaw movements produce opening
of the eye (Marcus-Gunn phenomenon).

Diagnosis. Table 15-2 lists the differential diag-
nosis of ptosis. Distinguishing congenital ptosis
from acquired ptosis is essential. The examina-
tion of baby pictures is more cost-effective than
MRI to make the distinction. If miosis is present,
test the eye with pharmacological agents. Pare-
drine (hydroxyamphetamine) and cocaine test



Table 15-3 Causes of Acquired Ophthalmoplegia

Brainstem

Brainstem encephalitis (see Chapter 10)
Intoxication
Multiple sclerosis (see Chapter 10)
Subacute necrotizing encephalopathy (see

Chapter 10)
Tumor
Brainstem glioma
Craniopharyngioma (see Chapter 16)
Leukemia
Lymphoma
Metastases
Pineal region tumors

Vascular
Arteriovenous malformation
Hemorrhage
Infarction
Migraine
Vasculitis

Nerve

Familial recurrent cranial neuropathies
(see Chapter 17)

Increased intracranial pressure (see Chapter 4)
Infectious
Diphtheria
Gradenigo syndrome
Meningitis (see Chapter 4)
Orbital cellulitis

Inflammatory
Sarcoid

Postinfectious
Idiopathic (postviral)
Miller Fisher syndrome (see Chapter 10)
Polyradiculoneuropathy (see Chapter 7)

Trauma
Head
Orbital

Tumor
Cavernous sinus hemangioma
Orbital tumors
Sellar and parasellar tumors (see Chapter 16)
Sphenoid sinus tumors

Vascular
Aneurysm
Carotid-cavernous fistula
Cavernous sinus thrombosis
Migraine

Neuromuscular Transmission

Botulism (see Chapter 7)
Myasthenia gravis
Tic paralysis

Myopathies

Fiber-type disproportion myopathies (see Chapter 6)
Kearns-Sayres syndrome
Mitochondrial myopathies (see Chapter 8)
Oculopharyngeal dystrophy (see Chapter 17)
Orbital inflammatory disease
Thyroid disease
Vitamin E deficiency

Table 15-4 Causes of Acute Unilateral
Ophthalmoplegia

Aneurysm*{

Brain tumors
Brainstem glioma
Parasellar tumors (see Chapter 16)
Tumors of pineal region (see Chapter 4)

Brainstem stroke*
Cavernous sinus fistula
Cavernous sinus thrombosis
Gradenigo syndrome
Idiopathic ocular motor nerve palsy*
Increased intracranial pressure (see Chapter 4)
Multiple sclerosis* (see Chapter 10)
Myasthenia gravis*
Ophthalmoplegic migraine*{

Orbital inflammatory disease*{

Orbital tumor{

Recurrent familial* (see Chapter 17)
Trauma
Head
Orbital

*May be recurrent.
{May be associated with pain.
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for denervation by demonstrating the presence
or absence of sympathetic hypersensitivity. Con-
current paralysis of extraocular motility is evi-
dence against congenital ptosis.

Management. Early corrective surgery to ele-
vate the lid improves appearance and vision.

Acute Unilateral Ophthalmoplegia

Table 15-3 summarizes the causes of acquired
ophthalmoplegia. Many of these conditions
are discussed in other chapters.

The definition of acute ophthalmoplegia
is reaching maximum intensity within 1 week of
onset. Itmay bepartial or complete (Table 15-4).
Generalized increased intracranial pressure is
always an important consideration in patients
with unilateral or bilateral abducens palsy
(see Chapter 4).

Aneurysm

The full discussion of arterial aneurysms appears
in Chapter 4 because the important clinical fea-
ture in children is hemorrhage rather than
nerve compression. This section deals only with
possible ophthalmoplegic features.
Clinical Features. Aneurysms at the junction of
the internal carotid and posterior communicat-
ing arteries are an important cause of unilateral
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Figure 15-1 Brainstem glioma. MRI shows a large
lesion infiltrating the brainstem.
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oculomotor palsy in adults but are a rare cause in
children. Compression of the nerve by expan-
sion of the aneurysm causes the palsy. Intense
pain in and around the eye is frequently experi-
enced at the time of hemorrhage. Because the
parasympathetic fibers are at the periphery of
the nerve, mydriasis is an almost constant fea-
ture of ophthalmoplegia caused by aneurysms
of the posterior communicating artery. How-
ever, pupillary involvement may develop sev-
eral days after onset of an incomplete external
ophthalmoplegia. A normal pupil with complete
external ophthalmoplegia effectively excludes
the possibility of an aneurysm.

Sometimes aneurysms affect the superior
branch of the oculomotor nerve earlier and
more severely than the inferior branch. Ptosis
may precede the development of other signs
by hours or days. Contrast-enhanced MRI
and magnetic resonance angiography identify
most aneurysms.

Management. Surgical clipping is the treat-
ment of choice whenever technically feasible.
Oculomotor function often returns to normal
after the procedure.

Brainstem Glioma

Clinical Features. Symptoms begin between 2
and 13 years of age, with a peak between ages 5
and 8 years. The period from onset of symp-
toms to diagnosis is less than 6 months. Cranial
nerve palsies, usually abducens and facial, are
the initial features in most cases. Later, contra-
lateral hemiplegia and ataxia, dysphagia, and
hoarseness develop. Hemiplegia at onset is
associated with a more rapid course. With time,
cranial nerve and corticospinal tract involve-
ment may become bilateral. Increased intracra-
nial pressure is not an early feature, but direct
irritation of the brainstem emetic center may
cause vomiting rather than increased pressure.
Intractable hiccough, facial spasm, personality
change, and headache are early symptoms in
some patients.

Brainstem gliomas carry the worst prognosis
of any childhood tumor. The course is one of
steady progression, with median survival times
of 9 to 12 months.

Diagnosis. MRI delineates the tumor well and
differentiates tumor from inflammatory and
vascular disorders (Fig. 15-1).

Management. Radiation therapy is the treatment
of choice. Several chemotherapeutic programs
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are undergoing experimental trials, but none
has established benefit.

Brainstem Stroke

Table 11-2 summarizes the causes of stroke in
children. Small brainstem hemorrhages result-
ing from emboli, leukemia, or blood dyscra-
sias have the potential to cause isolated
ocular motor palsies, but this is not the rule.
Other cranial nerves are also involved, and
hemiparesis, ataxia, and decreased conscious-
ness are often associated features.

Carotid-Cavernous Sinus Fistula

Clinical Features. Arteriovenous communica-
tions between the carotid artery and the cav-
ernous sinus may be congenital, but trauma
is the usual cause in children. The injury may
be closed or penetrating. The carotid artery
or one of its branches ruptures into the cav-
ernous sinus, increasing pressure in the
venous system. The results are a pulsating
proptosis, redness and swelling of the conjunc-
tiva, increased intraocular pressure, and
ophthalmoplegia. If a bruit is present over
the eye, compression of the ipsilateral carotid
artery reduces the volume.

Diagnosis. Carotid arteriography reveals rapid
cavernous sinus filling, poor filling of the distal
intracranial branches, and engorgement of
and retrograde flow within venous drainage
pathways.
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Management. Transarterial balloon emboliza-
tion or coiling of the affected cavernous sinus
is the mainstay of treatment.

Cavernous Sinus Thrombosis

Cavernous sinus thrombosis may produce
either unilateral or bilateral ophthalmoplegia.
The cause is usually the anterograde spread of
infection from the mouth, face, nose, or para-
spinal sinuses.

Clinical Features. The development of fever,
malaise, and frontal headache after dental
infection is the typical history. Proptosis,
orbital congestion, ptosis, external ophthal-
moplegia, pupillary paralysis, and blindness
may follow the initial symptoms. The infection
begins in one cavernous sinus and spreads to
the other. If untreated, it may extend to the
meninges. Even with vigorous antibiotic treat-
ment, the mortality rate is 15%.

Diagnosis. The ocular signs may suggest orbital
cellulitis or orbital pseudotumor. The cerebro-
spinal fluid is normal early in the course. Mixed
leukocytosis develops, and the protein con-
centration is moderately increased even in the
absence of meningitis. Once the meninges
are involved, pressure increases, leukocytosis
increases, and glucose concentration decreases.

Cranial computed tomography may show
clouding of infected paranasal sinuses. Mag-
netic resonance angiography shows decreased
or absent flow in the cavernous portion of
the carotid artery.

Management. Intravenous antibiotic therapy is
similar to the course used to treat meningitis.
Surgical drainage of infected paranasal sinuses
is sometimes necessary.

Gradenigo Syndrome

Clinical Features. The abducens nerve lies adja-
cent to the medial aspect of the petrous bone
before entering the cavernous sinus. Infections
of the middle ear sometimes extend to the
petrous bone and cause thrombophlebitis of
the inferior petrosal sinus. The infection involves
not only the abducens nerve but also the facial
nerve and the trigeminal ganglion. The resulting
syndrome consists of ipsilateral paralysis of
abduction, facial palsy, and facial pain.

Diagnosis. The combination of facial palsy and
unilateral abducens also occurs after closed
head injuries. The diagnosis of Gradenigo syn-
drome requires the demonstration of middle
ear infection. Computed tomography of the
mastoid bone shows the infection. Lumbar
puncture reveals a cellular response and an
increase in protein content.

Management. Prompt use of antibiotic therapy
prevents permanent nerve damage.

Idiopathic Cranial Nerve Palsy

The sudden onset of a single, otherwise unex-
plained, cranial neuropathy is usually attributed
to an immune-mediated reaction to a previ-
ous viral infection. However, a cause-and-effect
relationship between viral infection and ocular
motor palsies is not established. Abducens nerve
palsy is more common than either oculomotor
or trochlear nerve palsies. Bilateral involvement
is unusual.

Clinical Features. The chief complaint is a pain-
less diplopia. Examination reveals a paralytic
strabismus. Girls are more often affected than
boys and the left eye more often than the
right. Restoration of full motility occurs within
6 months, but recurrences of shorter duration
occur in half of children.

Diagnosis. Examination of the cerebrospinal
fluid and MRI of the head and orbit exclude
tumor and infection. Tumors in and around
the orbit are sometimes difficult to demon-
strate, and if ophthalmoplegia persists, a repeat
MRImaybenecessary.Myasthenia gravis is a diag-
nostic consideration. An edrophonium chlo-
ride test may be useful, but myasthenia gravis
is unlikely when there is a fixed single nerve
deficit.

Management. Isolated cranial nerve palsies are
not an indication for corticosteroid therapy.
In children younger than 9 years of age, inter-
mittent patching of the normal eye may be
necessary if the affected eye never fixates.

Myasthenia Gravis

Discussion of some neonatal forms of myasthe-
nia appears in Chapter 6; congenital myasthenia
is included in the section “Congenital Ophthal-
moplegia,” and limb-girdle myasthenia is dis-
cussed in Chapter 7. This section describes the
immune-mediated form of myasthenia encoun-
tered from late infancy through adult life. The
two clinical forms are ocular myasthenia, which
primarily or exclusively affects the eye mus-
cles, but with facial and limb muscles mildly
involved, and generalized myasthenia, in which
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weakness of bulbar and limb muscles is moder-
ate to severe. The term juvenile myasthenia to
denote immune-mediated myasthenia gravis in
children has no special meaning. The disease is
similar in children and adults.

Clinical Features. The initial symptoms do not
appear until after 6 months of age; 75% of
children first have symptoms after age 10. Pre-
pubertal onset is associated with a male bias,
only ocular symptoms, and seronegativity for
AChR antibodies, whereas postpubertal onset
is associated with a strong female bias, gen-
eralized myasthenia, and seropositivity. In gen-
eral, the disease is less severe in boys than in
girls.

The initial features of both the ocular and
the generalized forms are usually ptosis, di-
plopia, or both. Myasthenia is the most com-
mon cause of acquired unilateral or bilateral
ptosis. Pupillary function is normal. Between
40% and 50% of patients have weakness of
other bulbar or limb muscles at the onset of
ocular symptoms. Ocular motor weakness is
generally not constant initially, and the spe-
cific muscles affected may change from exam-
ination to examination. Usually both eyes are
affected, but one is more affected than the
other.

Children with ocular myasthenia may have
mild facial weakness and easy fatigability of the
limbs. However, they do not have respiratory dis-
tress or difficulty speaking or swallowing. The
subsequent courses of ocular myasthenia may
be steady progression to complete ophthalmo-
plegia or relapses and remissions. The relapses
are of varying severity and last for weeks to years.
At least 20% of patients have permanent remis-
sions. Prepubertal onset is more commonly
associated with spontaneous remission than
postpubertal onset.

Children with generalized myasthenia have
generalized weakness within 1 year of the initial
ocular symptoms. The symptoms include dysar-
thria, dysphagia, difficulty chewing, and limb
muscle fatigability. Spontaneous remissions
are unusual. Respiratory insufficiency (myas-
thenic crisis) occurs in a third of untreated
children.

Children with generalized myasthenia, but
not those with ocular myasthenia, have a
higher than expected incidence of other auto-
immune disorders, especially thyroiditis and
collagen vascular diseases. Thymoma is pres-
ent in 15% of adults with generalized myasthe-
nia but occurs in less than 5% of children.
When thymoma occurs in children, it is likely
to be malignant.
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Diagnosis. The edrophonium chloride test is
often set as a standard of diagnosis for both
the ocular and generalized forms of myasthe-
nia gravis, but it has limitations and dangers.
Edrophonium chloride is a short-acting anti-
cholinesterase administered intravenously at
a dose of 0.15 mg/kg. Before initiating the
test, an endpoint for the study must be deter-
mined. The best endpoint is the resolution
of ptosis or the restoration of ocular motility,
and test results are difficult to evaluate in their
absence. Ptosis generally responds better than
ocular motor paralysis to edrophonium
chloride.

Some patients with myasthenia are super-
sensitive to edrophonium chloride. Fascicula-
tions and respiratory arrest may develop after
administration. For this reason, first inject a
test dose of one tenth of the full dose. Unfor-
tunately, respiratory embarrassment some-
times develops in response to the test dose,
and a hand ventilator should be readily avail-
able before any drug is given. Atropine is an
effective antidote to the muscarinic side
effects of edrophonium chloride but does
not counteract the nicotinic effects on the
motor endplate that result in paralysis of the
skeletal muscles.

After the test dose is given, the remainder
should be injected one third at a time
(approximately 0.05 mg/kg), allowing as long
as 1 minute after each injection to test the
response. Interpretation may be difficult. The
judgment of improved strength is always
subjective and influenced by examiner bias.
The test becomes more objective when com-
bined with electrophysiological studies. I have
abandoned use of the edrophonium test for
diagnosis because of its inherent dangers and
rely more on the clinical features, serum anti-
body concentrations, and electrophysiological
studies.

Some physicians now use the ice-pack test
instead. Place a very cold compress on the pto-
tic lid for 2 minutes. Partial opening of the lid
suggests myasthenia. Five minutes of resting
with the eye closed may accomplish the same
result without the ice pack.

Results of repetitive nerve stimulation stud-
ies are abnormal in 66% of children when
proximal nerves are stimulated, but in only
33% when distal nerves are studied. Abnormal
repetitive nerve study findings are unusual in
children with ocular myasthenia but are the
rule in children with generalized myasthenia.
Patients with mild myasthenia show a decre-
mental response at low rates of stimulation
(2 to 5/sec) but not at high rates (50/sec).
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In severe myasthenia, both low and high rates
of stimulation produce a decremental response.
Single-fiber electromyography of the frontalis
or orbicularis oculi is very sensitive for the
diagnosis of myasthenia.

Eighty-five percent of patients with gen-
eralized immune-mediated myasthenia have
increased serum concentrations of antibodies
against the AChR (>10 nmol/L). Patients
with ocular myasthenia may be seronegative
or have low antibody concentrations. Among
those children who are seronegative, many
have a genetic disorder secondary to rapsyn
mutations and others have antibodies direc-
ted against muscle-specific tyrosine kinase.
The distinction between early-onset, seronega-
tive immune-mediated and genetic myasthenia
is important; one responds to immunotherapy
and the other does not. Muscle-specific tyro-
sine kinase antibody concentration testing is
commercially available; rapsyn mutation analy-
sis is not.

Management. The basis for managing nonge-
netic myasthenia in children is experience
and retrospective studies, primarily done in
adults (Richman and Agius, 2003). Children
with ocular myasthenia, but not those with
generalized myasthenia, have a reasonable
hope of spontaneous remission. Anticholines-
terase therapy is the treatment of choice for
ocular myasthenia. The initial dose of neostig-
mine is 0.5 mg/kg every 4 hours in children
younger than 5 years of age and 0.25 mg/kg
in older children, not to exceed 15 mg in
any child. The equivalent dose of pyridostig-
mine is four times greater. After initiating
treatment, the dose is slowly increased as
needed and tolerated. Diarrhea and gastroin-
testinal cramps are the usual limiting factors.
Do not administer edrophonium chloride to
determine whether the child would benefit
from higher oral doses of anticholinesterases.
It is not an accurate guide and may cause cho-
linergic crisis in children with generalized
myasthenia.

Several retrospective studies in adults sug-
gest that early immunotherapy (Kuppersmith,
2003; Mee et al, 2003) and thymectomy reduce
the conversion of ocular myasthenia to
generalized myasthenia. The evidence is not
convincing and not applicable to children.

Ocular myasthenia can be difficult to treat,
and evaluating the efficacy of treatment is
especially difficult. The response to anticholin-
esterase is often transitory, and the addition of
corticosteroids is often without benefit. The effi-
cacy of any drug regimen in ocular myasthenia
is difficult to assess because of the fluctuating
course of the disease.

The place of thymectomy in the manage-
ment of myasthenia is not established. Expe-
rience indicates that most children who
undergo thymectomy early in the course will
be in remission within 3 years. However, corti-
costeroids accomplish the same result, and
previous thymectomy does not reduce the
need for long-term corticosteroid treatment.
The starting dose of prednisone is 1.5 mg/
kg/day, not to exceed 100 mg/day. High-dose
corticosteroids may make the patient weaker
at first. After 5 days of daily treatment, switch
to alternate-day therapy for the remainder of
the month. The prednisone dose is then
tapered by 10% each month until reaching a
dose that keeps the patient symptom free.
The usual maintenance dose is 10 to 20 mg
every other day. I have been unsuccessful in
eventually stopping prednisone. Concurrent
anticholinesterase medication is unnecessary
with corticosteroids, but is useful if the patient
weakens on the alternate days when cortico-
steroids are not used.

The clinical characteristics and response to
treatment of individuals with nongenetic gen-
eralized myasthenia who are seronegative do
not differ from the characteristics and response
of those who are seropositive, except that sero-
negative patients are unlikely to show thymic
abnormalities and are unlikely to benefit from
thymectomy. Plasmapheresis, intravenous immu-
noglobulin, and high-dose intravenous corticos-
teroids are useful for acute intervention in
patients who have respiratory insufficiency.
Ophthalmoplegic Migraine

The mechanism of ophthalmoplegia in mi-
graine is not established. Although migraine is
hereditary, the tendency for ophthalmoplegia
is not.

Clinical Features. Transitory ocular motor
palsy, lasting as long as 4 weeks, may occur as
part of a migraine attack in children and
adults. The palsy affects the oculomotor nerve
alone in 83% of cases and affects all three
nerves in the remainder. Ptosis usually pre-
cedes ophthalmoplegia. Partial or complete
pupillary involvement is present in 60%. The
average age at onset is 15 years, but the onset
may be as early as infancy. In infants, recur-
rent painless ophthalmoplegia or ptosis may
be the only feature of the migraine attack.
In older children, ophthalmoplegia usually
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occurs during the headache phase and is ipsi-
lateral to the headache.

Diagnosis. The diagnosis is obvious when oph-
thalmoplegia occurs during a typical migraine
attack in a child previously known to have
migraine. Diagnostic uncertainty is greatest
when an infant has transitory strabismus or
ptosis as an isolated sign. In such cases, a fam-
ily history of migraine is essential for diagno-
sis. Even so, MRI studies of the head and
orbit are appropriate in most infants with a
first episode of ophthalmoplegia.

Management. The management of ophthalmo-
plegic migraine is the same as other forms of
migraine (see Chapter 3). In addition, a short
course of steroids may shorten the attack.

Orbital Inflammatory Disease

The term orbital inflammatory disease encom-
passes a group of nonspecific inflammatory
conditions involving the orbit. Inflammation
may be diffuse or localized to specific tissues
within the orbit (orbital myositis).

Clinical Features. The disorder is unusual
before age 20 years but may occur as early as
3 months of age. Males and females are
equally affected. Acute and chronic forms
exist. The main features are pain, ophthalmo-
plegia, proptosis, and lid edema evolving over
several days or weeks. One eye or both eyes
may be involved. Ocular motility is disturbed
in part by the proptosis but mainly by myositis.
Some patients have only myositis, whereas
others have inflammation in other orbital
structures. Vision is initially preserved, but loss
of vision is a threat if the condition remains
untreated.

Diagnosis. The development of unilateral pain
and proptosis in a child suggests an orbital
tumor. Bilateral proptosis suggests thyroid
myopathy. MRI shows a soft-tissue mass
without sinus involvement or bone erosion.
Orbital involvement by lymphoma or leukemia
produces a similar radiographic appearance.
The extraocular muscles may appear enlarged.

Management. Orbital inflammatory disease has
a self-limited course, but treatment is required
to prevent vision loss or permanent ophthal-
moplegia. Administer prednisone, 1 mg/kg/
day, for at least 1 month before tapering.
Reinitiate the full dose if the disorder recurs
during the taper.
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Orbital Tumors

Clinical Features. The initial feature of intraor-
bital tumors is proptosis, ophthalmoplegia, or
ptosis. When the globe displaces forward, the
palpebral fissure widens and closing the eye
completely may not be possible. The exposed
portion of the eye becomes dry and erythema-
tous and may suffer exposure keratitis. The
direction of displacement of the globe is the
best clue to the tumor’s position. Ophthalmo-
plegia may occur because of forward displace-
ment of the globe, causing direct pressure on
one or more ocular muscles.

Diagnosis. The differential diagnosis of propto-
sis in children includes infection and inflamma-
tion, hemorrhage and other vascular disorders,
orbital tumors, hyperthyroidism andothermeta-
bolic disorders, developmental anomalies, and
Hand-Schüller-Christian disease and related dis-
orders; some are idiopathic. The most common
orbital tumors are dermoid cyst, hemangioma,
metastatic neuroblastoma, anterior visual path-
way glioma, and rhabdomyosarcoma.

Management. Treatment varies with the tumor
type. Many require surgical resection.

Trauma

Trauma accounts for 40% of isolated acquired
ocular motor nerve palsies and 55% of multi-
ple nerve palsies in children. Hemorrhage
and edema into the nerves or muscles may
occur from closed head injuries even in the
absence of direct orbital injury. In the pres-
ence of orbital fractures, the nerves and mus-
cles are vulnerable to laceration, avulsion, or
entrapment by bone fragments.

Clinical Features. Superior oblique palsy, caused
by trochlear nerve damage, is a relatively com-
mon consequence of closed head injuries. Usu-
ally the trauma is severe, often causing loss of
consciousness, but it may be mild. The palsy is
more often unilateral than bilateral. Patients
with unilateral superior oblique palsy have
marked hypertropia in the primary position
and a compensatory head tilt to preserve fusion;
65% of cases resolve spontaneously. When bilat-
eral involvement is present, the hypertropia is
milder and alternates between the two eyes;
spontaneous recovery occurs in only 25% of
cases.

Transitory lateral rectus palsy is rare in
newborns and the cause attributed to birth
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trauma. The palsy is unilateral and clears
completely within 6 weeks.

Diagnosis. Direct injuries to the orbit with asso-
ciated hemorrhage and swelling do not pose a
diagnostic dilemma. Computed tomography of
the head with orbital views shows the extent of
fracture so that the need for surgical intervention
can be determined. Computed tomography may
also show a lateral midbrain hemorrhage as the
cause of trochlear nerve palsy.

A delay between the time of injury and the
onset of ophthalmoplegia makes diagnosis
more problematic. The possible mechanisms
of delayed ophthalmoplegia after trauma to
the head include progressive local edema in
the orbit; progressive brainstem edema; pro-
gressive increased intracranial pressure; devel-
opment of meningitis, mastoiditis, or petrous
osteomyelitis; venous sinus or carotid artery
thrombosis; and carotid cavernous fistula.

Management. Local trauma and fracture of the
orbit may require surgical repair. Surgery
directed at rebalancing the extraocular mus-
cles sometimes improves vision after perma-
nent paralysis of ocular motor nerves after
head injury. Botulinum toxin is another treat-
ment option for bilateral sixth nerve palsies.
Acute Bilateral Ophthalmoplegia

Many of the conditions that cause acute unilat-
eral ophthalmoplegia (see Table 15-4) may
also cause acute bilateral ophthalmoplegia.
The conditions listed in Table 15-5 often have
a high incidence of bilateral involvement. The
discussion of thyroid orbitopathy is included
with the chronic conditions because progres-
sion of ophthalmoplegia usually occurs over a
period longer than 1 week.
Table 15-5 Causes of Acute Bilateral
Ophthalmoplegia

Basilar meningitis (see Chapter 4)
Brainstem encephalitis (see Chapter 10)
Carotid-cavernous fistula
Cavernous sinus thrombosis
Diphtheria
Intoxication
Miller Fisher syndrome (see Chapter 10)
Myasthenia gravis
Polyradiculoneuropathy (see Chapter 7)
Subacute necrotizing encephalomyelopathy (see

Chapter 5)
Tick paralysis (see Chapter 7)
Botulism

Several strains of the bacteriumClostridium botuli-
num elaborate a toxin that disturbs neuromuscu-
lar transmission. The discussion of the infantile
form of botulism, which causes ptosis but not
ophthalmoplegia, appears in Chapter 6. This
section deals with late-onset cases.

Clinical Features. The cause of botulism is
most often the ingestion of toxin in home-
canned food. This is most likely when canning
at high altitudes, where the boiling tempera-
ture is too low to destroy spores. Because C bot-
ulinum spores are ubiquitous in soil, infection
may also follow burns, wounds, and the shar-
ing of needles among drug addicts. Blurred
vision, diplopia, dizziness, dysarthria, and dys-
phagia begin 12 to 36 hours after ingestion
of toxin. The pupillary response is usually nor-
mal. An ascending paralysis similar to Guillain-
Barré syndrome follows the early symptoms
and may lead to death from respiratory paraly-
sis. Patients remain conscious and alert
throughout. Most patients make a complete
recovery within 2 to 3 months, but those with
severe involvement may not return to normal
for a year.

Diagnosis. The presence of ophthalmoplegia
and the electromyographic findings distinguish
botulism from Guillain-Barré syndrome. The
motor and sensory nerve conduction velocities
are normal, the amplitude of evoked muscle
action potentials is decreased, and a decremen-
tal response is not usually present at low rates
of stimulation, although facilitation may be
present at high rates. Showing the organism or
the toxin in food, stool, or a wound establishes
the diagnosis.

Management. Antitoxin administration, 20,000
to 40,000 U two or three times daily, is the
recommended treatment. Empty the stomach
and intestines of their contents. 3,4-Diamino-
pyridine is effective in some patients and
should be used for those with potential respi-
ratory failure. Ensure the availability of mech-
anical respiratory support when the diagnosis
is suspected.

Intoxications

Clinical Features. Anticonvulsants, tricyclic anti-
depressants, andmany other psychoactive drugs
selectively impair ocular motility at toxic blood
concentrations. Overdose may be accidental or
intentional. A child, found unconscious, arrives
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at the emergency department. The state of con-
sciousness varies from obtundation to stupor,
but the eyes do not move, either by rapidly rotat-
ing the head laterally or by irrigating the ears
with ice water. Complete ophthalmoplegia is
expected in a comatose child if brainstem func-
tion is otherwise impaired (see Chapter 2), but
in a noncomatose child with otherwise intact
brainstem function, ingestion of a drug that
selectively impairs ocular motility should be
suspected.

Diagnosis. Question the family about drugs
available in the household, and screen the
blood and urine for toxic substances.

Management. Specific treatment depends on the
drug ingested; in most cases, supportive care is
sufficient.
Chronic Bilateral Ophthalmoplegia

Table 15-6 lists the conditions responsible for
bilateral ophthalmoplegia developing over a
period longer than 1 week. The discussion of
most conditions is in previous sections of this
chapter or in other chapters.

Thyroid Ophthalmopathy

The association of ophthalmopathy with hyper-
thyroidism is not causal. The two conditions are
associated autoimmune diseases. One hypothe-
sis suggests the presence of a cross-reacting
antigen in thyroid and orbital tissues. Myasthe-
nia gravis may be associated as well.
Table 15-6 Causes of Chronic Bilateral
Ophthalmoplegia

Brainstem glioma
Chronic meningitis (see Chapter 4)
Chronic orbital inflammation
Kearns-Sayre syndrome
Myasthenia gravis
Myopathies
Fiber-type disproportion myopathy (see Chapter 6)
Mitochondrial myopathies (see Chapter 8)
Myotubular myopathy (see Chapter 6)
Oculopharyngeal muscular dystrophy (see
Chapter 17)

Subacute necrotizing encephalomyelopathy (see
Chapter 5)

Thyroid disease
Thyroid orbitopathy
Congenital
Juvenile

Vitamin E deficiency
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Clinical Features. Disorders of ocular motility
are sometimes present in most patients with
hyperthyroidism and may precede systemic fea-
tures of nervousness, heat intolerance, diapho-
resis, weight loss, tachycardia, tremulousness,
and weakness. The main orbital pathology is a
myopathy of the extraocular muscles. They
become inflamed, swollen with interstitial
edema, and finally fibrotic. If both eyes are
equally affected, the patient may not complain
of diplopia despite considerable limitation of
ocular motility. Staring or lid retraction (Dal-
rymple sign) occurs in more than 50% of cases,
lid lag on downward gaze (von Graefe sign) in
30% to 50%, and proptosis (exophthalmos)
in almost 90%. Severe exophthalmos is due to
edema and infiltration of all orbital structures.

Diagnosis. Thyroid disease is a consideration
in any child with evolving ophthalmoplegia.
Computed tomography of the orbit shows
enlargement of the extraocular muscles. Thy-
roid function tests are often normal, but a thy-
roid-releasing hormone stimulation test and
a measure of the concentration of thyroid-
stimulating immunoglobulin may confirm the
diagnosis.

Management. Meticulous control of hyperthy-
roidism does not necessarily cure the ophthal-
mopathy. While treating the hyperthyroidism,
avoid overtreatment, which causes hypothy-
roidism. If the exophthalmos progresses even
after the patient is euthyroid, corticosteroids
may prevent further proptosis, but persistent
optic nerve compression requires surgical
decompression.

Kearns-Sayre Syndrome

Nearly all cases are sporadic and caused by a
single large deletion or duplication of the mito-
chondrial DNA, arising either in the maternal
oocyte or in early embryonic life (DiMauro
and Hirano, 2007).

Clinical Features. The defining features of
Kearns-Sayre syndrome are the triad of
progressive external ophthalmoplegia, onset
before age 20, and at least one of the follow-
ing: short stature, pigmentary retinopathy, cer-
ebellar ataxia, heart block, and increased
cerebrospinal fluid protein (>100 mg/dL).
The onset of Kearns-Sayre syndrome is so
insidious that patients do not report diplopia.
The clinical course is progressive, and most
patients with associated mental retardation
die in the third or fourth decade.
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Diagnosis. The basis for diagnosis is the major
clinical criteria. Electrocardiographic monitor-
ing for cardiac arrhythmia and cerebrospinal
fluid examination are essential.

Management. Treatment with vitamins or coen-
zyme Q, depending on the specific respiratory
complex defect, is common, but of unproven
benefit. A cardiac pacemaker may be lifesaving.
Gaze Palsies

This section deals with supranuclear palsies.
The examiner must show that the eyes move
normally in response to brainstem gaze center
reflexes (doll’s head maneuver, caloric testing,
and the Bell phenomenon) to verify supranu-
clear palsy. Table 15-7 lists the differential diag-
nosis of gaze palsies.

Apraxia of Horizontal Gaze

Ocularmotor apraxia is a deficiency in voluntary,
horizontal, lateral, fast eye movements (sac-
cades)with retentionof slowpursuitmovements.
Bringing the eyes to a desired position requires
jerking movements of the head. The rapid
phases of optokinetic nystagmus are absent.

Congenital Ocular Motor Apraxia

Clinical Features. Althoughocularmotor apraxia
is present at birth, it is not detected until late
infancy. Failure of fixation raises questions con-
cerning visual impairment. Refixation requires
overshooting head thrusts, often accompanied
Table 15-7 Gaze Palsies

Apraxia of Horizontal Gaze

Ataxia-ocular motor apraxia (see Chapter 10)
Ataxia-telangiectasia (see Chapter 10)
Brainstem glioma
Congenital ocular motor apraxia
Huntington disease (see Chapter 5)

Internuclear Ophthalmoplegia

Brainstem stroke
Brainstem tumor
Exotropia (pseudo-internuclear ophthalmoplegia)
Multiple sclerosis
Myasthenia gravis (pseudo-internuclear

ophthalmoplegia)
Toxic-metabolic

Vertical Gaze Palsy

Aqueductal stenosis (see Chapter 18)
Congenital vertical ocular motor apraxia
Gaucher disease (see Chapter 5)
by blinking of the eyes.With the head held immo-
bile, the child makes no effort to initiate horizon-
tal eye movements.

Many children with ocular motor apraxia
have other signs of cerebral abnormality, such
as psychomotor retardation, learning disabil-
ities, and clumsiness. When hypotonia is pres-
ent, the child may have difficulty performing
the head movements needed for refixation.
Agenesis of the corpus callosum and agenesis
of the cerebellar vermis are concurrent condi-
tions in some children. The association does
not indicate that themalformations are respon-
sible for ocular motor apraxia.

Diagnosis. Consider the possibility of ocular
motor apraxia in any infant referred for evalua-
tion of visual impairment. Children with ocular
motor apraxia require brain MRI to search for
other cerebral malformations as well as tests
for ataxia-telangiectasia (see Chapter 10) and
lysosomal storage diseases (see Chapter 5).

Management. Management depends on the
underlying condition.

Internuclear Ophthalmoplegia

The medial longitudinal fasciculus contains
fibers that connect the abducens nucleus to the
contralateral oculomotor nucleus to perform
horizontal conjugate lateral gaze. Unilateral
lesions in the medial longitudinal fasciculus dis-
connect the two nuclei, so that when the patient
attempts lateral gaze, the adducting eye ipsilat-
eral to the abnormalmedial longitudinal fascicu-
lus is unable tomovemedially, but the abducting
Hydrocephalus (see Chapters 4 and 18)
Miller Fisher syndrome (see Chapter 10)
Niemann-Pick disease, type C (see Chapter 5)
Tumor (see Chapter 4)
Midbrain
Pineal region
Third ventricle

Horizontal Gaze Palsy

Adversive seizures (see Chapter 1)
Brainstem tumors
Destructive lesions of the frontal lobe (see Chapter 11)
Familial horizontal gaze palsy

Convergence Paralysis

Head trauma
Idiopathic
Multiple sclerosis (see Chapter 10)
Pineal region tumors (see Chapter 4)
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eye is able to move laterally. Nystagmus (actu-
ally overshoot dysmetria) is often present in the
abducting eye. This symptom complex, which
may be unilateral or bilateral, is internuclear
ophthalmoplegia (INO). The usual cause of uni-
lateral INO is vascular occlusive disease, and
the cause of bilateral INO is either demyelin-
ating disease or rarely toxic-metabolic causes.

Patients with myasthenia gravis sometimes
have ocular motility dysfunction that resem-
bles INO except that nystagmus is usually lack-
ing. The disorder is a pseudo-INO because the
medial longitudinal fasciculus is intact. Exo-
tropia is another cause of pseudo-INO. When
the normal eye is fixating in full abduction,
there is no visual stimulus to bring the paretic
eye into full adduction. Nystagmus is not pres-
ent in the abducting eye.

The combination of INO in one direction of
lateral gaze and complete gaze palsy in the
other is a one-and-a-half syndrome. The underly-
ing pathology is a unilateral lesion in the dorsal
pontine tegmentum that affects the pontine lat-
eral gaze center and the adjacent medial longi-
tudinal fasciculus. Multiple sclerosis is the usual
cause. Other causes include brainstem glioma,
infarction, or myasthenia gravis.

Toxic-Metabolic Disorders

Clinical Features. Toxic doses of several drugs
may produce the clinical syndrome of INO.
The patient is usually comatose and may have
complete ophthalmoplegia that evolves into a
bilateral INO. The drugs reported to produce
INO include amitriptyline, barbiturates, carba-
mazepine, doxepin, phenothiazine, and pheny-
toin. INO may also occur during hepatic coma.

Diagnosis. Drug intoxication is always a consid-
eration in children with decreased conscious-
ness who were previously well. The presence
of INO after drug ingestion suggests the possi-
bility of anticonvulsant or psychotropic drug
ingestion.

Management. The INO resolves as the blood
concentration of the drug decreases.

Vertical Gaze Palsy

Children with supranuclear vertical gaze palsies
are unable to look upward or downward fully,
but they retain reflex eye movements such as
the doll’s eye reflex and the Bell phenomenon.
Disorders of upward gaze in children generally
are due to damage to the dorsal midbrain,
and the usual cause is a tumor in the pineal
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region. The features are impaired upward and
downward gaze, eyelid retraction, and occa-
sional disturbances in horizontal movement,
convergence, and skew deviation. Mydriasis
with light-near dissociation is an early feature
of extrinsic compression of the dorsal mid-
brain. Isolated paralysis of upward gaze may be
the initial feature of theMiller Fisher syndrome
and of vitamin B1 deficiency.

Bilateral lesions in the midbrain reticular
formation cause isolated disturbances of down-
ward gaze. They are rare in children, but may
occur in neurovisceral lipid storage disease.

CONGENITAL VERTICAL OCULAR MOTOR
APRAXIA

Clinical Features. Congenital vertical ocular
motor apraxia is a rare syndrome similar to
congenital horizontal ocular motor apraxia,
except for the direction of gaze palsy. At rest,
the eyes are fixated in either an upward or a
downward position, with little random move-
ment. Initially, the child uses head flexion or
extension to fixate in the vertical plane; later,
the child learns to use head thrusts. The Bell
phenomenon is present.

Diagnosis. Vertical gaze palsy suggests intracra-
nial tumor, and head MRI is required. How-
ever, gaze palsies present from birth without
the later development of other neurological
signs usually indicate a nonprogressive process.
Bilateral restriction of upward eye movement
resulting from muscle fibrosis is a consider-
ation. In children with ocular motor apraxia,
the eyes can move upward reflexively or by
forced ductions; in children with muscle fibro-
sis, the eyes will not move upward by any means.

Management. There is no specific treatment
available.
Horizontal Gaze Palsy

The usual cause of the inability to look to one
side is a lesion in the contralateral frontal or
ipsilateral pontine gaze center. Immediately
after developing a frontal lobe lesion, the eyes
are tonically deviated toward the side of the
lesion, and contralateral hemiplegia is often
present. The eyes move horizontally reflexively
by stimulation of the brainstem gaze center
with ice water caloric techniques. In contrast,
an irritative frontal lobe lesion, such as one
causing an epileptic seizure, generally causes
the eyes to deviate in a direction opposite to
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the side with the seizure focus. Movements
of the head and eyes during a seizure are adver-
sive seizures (see Chapter 1). The initial direc-
tion of eye deviation reliably predicts a con-
tralateral focus, especially if the movement is
forced and sustained in a unilateral direction.
Later movements that are mild and unsustained
are not predictive.
Convergence Paralysis

Convergence paralysis, the inability to adduct
the eyes to focus on a near object in the
absence of medial rectus palsies, can be
caused by a pineal region tumor; in such cases,
however, other signs of midbrain compression
are usually present. Convergence paralysis is
sometimes factitious or due to lack of motiva-
tion or attention. The absence of pupillary
constriction when convergence is attempted
confirms factitious convergence paralysis.

Convergence insufficiency is common after
closed head injuries. The head injury need
not be severe. Patient symptoms may include
diplopia, headache, and eyestrain while
reading or doing other close work. Conver-
gence insufficiency also occurs in the absence
of a previous head injury. The onset often fol-
lows a change in study time or intensity, poor
lighting in the workplace, or the use of new
contact lenses or eyeglasses. Treatment con-
sists of convergence exercises.
NYSTAGMUS

Nystagmus is an involuntary, rhythmic ocular
oscillation in which at least one phase is slow.
With pendular nystagmus, both phases are slow.
The oscillations of congenital pendular nystag-
mus are in the horizontal plane, even with the
eyes in vertical gaze. On lateral gaze, the oscil-
lations may change to jerk nystagmus.
Table 15-8 Abnormal Eye Movements

Movement Appearance

Nystagmus Rhythmic oscillation
Opsoclonus Nonrhythmic, chaotic conjugate m
Ocular flutter Intermittent bursts of rapid horizo

fixation
Ocular dysmetria Overshooting, undershooting, or o
Ocular bobbing Intermittent, rapid downward move
Periodic alternating

gaze
Cyclic conjugate lateral eye deviatio

to side
Movements of unequal speed characterize
jerk nystagmus. After an initial slow component
in one direction is a fast component with sac-
cadic velocity in the other direction. Oscilla-
tion may be horizontal or vertical. The
direction of jerk nystagmus is named for the
fast (saccadic) component. Nystagmus inten-
sity increases in the horizontal plane when
gaze is in the direction of the fast phase.

Table 15-8 describes other eye movements
that cannot be classified as nystagmus but
that have diagnostic significance. Opsoclonus
consists of conjugate, rapid, chaotic move-
ments in all directions of gaze, often
referred to as “dancing eyes.” It occurs in
infants with neuroblastoma (see Chapter
10). Ocular flutter is a brief burst of conjugate
horizontal saccadic eye movements that
interrupt fixation. It occurs in the recovery
phase of opsoclonus or in association with
cerebellar disease. Ocular dysmetria is over-
shooting or undershooting of the eyes dur-
ing refixation or an oscillation before the
eyes come to rest on a new fixation target.
Ocular bobbing is not downbeat nystagmus,
but is a sudden downward movement of both
eyes with a slow drift back to midposition. It
most often occurs in comatose patients with
pontine dysfunction. The discussions of con-
genital and acquired nystagmus are separate
because their differential diagnoses are dif-
ferent (Table 15-9).

Physiological Nystagmus

High-frequency (1–3 Hz), low-amplitude oscil-
lation of the eyes occurs normally when sus-
taining lateral gaze to the point of fatigue. A
jerk nystagmus, present at the endpoint of lat-
eral gaze, is also normal. A few beats are usual,
but even sustained nystagmus occurring at the
endpoint is normal unless it is associated with
other signs of neurological dysfunction or is
distinctly asymmetrical.
Pathology

Variable
ovements Neuroblastoma
ntal oscillations during Cerebellar/brainstem

disease
scillation on refixation Cerebellar disease
ment Pontine lesions
ns, alternating from side Posterior fossa
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Table 15-9 Differential Diagnosis
of Nystagmus

Physiological

Congenital

Albinism
Associated with blindness
Familial
Idiopathic

Spasmus Nutans

Idiopathic
Tumors of optic nerve and chiasm (see Chapter 16)

Acquired

Pendular
Brainstem infarction
Multiple sclerosis (see Chapter 10)
Oculopalatal syndrome

Brainstem infarction
Spinocerebellar degeneration

Jerk
Horizontal

Drug induced
Ictal nystagmus
Vestibular nystagmus

Vertical
Downbeat
Upbeat

Dissociated
Divergence
Monocular
Seesaw
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Congenital Nystagmus

Although congenital nystagmus is present at
birth, it may be unnoticed until infancy or child-
hood and thenmisdiagnosed as acquired nystag-
mus. One reason that congenital nystagmusmay
remain unnoticed is that the null point, the angle
of ocular movement at which the nystagmus is
minimal, may be very wide. Nystagmus is often
mistaken for normal movement.

A defect in the gaze-holding mechanism,
secondary to loss of visual acuity before 2 years
of age, was once the accepted mechanism of
congenital nystagmus. The current belief is
that the visual defect is not causal, but asso-
ciated. When congenital nystagmus is genetic,
transmission may occur as an autosomal reces-
sive, autosomal dominant, or X-linked trait.

Clinical Features. Congenital nystagmus is usu-
ally in a horizontal plane but may be either
pendular or jerk in character. Convergence
generally decreases and fixation increases the
intensity of nystagmus. Because a null zone
exists where nystagmus is minimal, the head
may be held to one side, tilted, or both to
improve vision. Periodic head turning may
accompany periodic alternating nystagmus.
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Two forms of head oscillation are asso-
ciated with congenital nystagmus. One is invol-
untary and does not improve vision. The
other, also seen in spasmus nutans, is opposite
in direction to the nystagmus but not phase
locked and improves vision. Many children
have impaired vision from the nystagmus in
the absence of a primary disturbance in visual
acuity.

Diagnosis. Determination that the nystagmus
was present at birth is important but not
always possible. Carefully examine the eyes
for abnormalities in the sensory visual system
that may accentuate nystagmus. If the neuro-
logical findings are otherwise normal, MRI is
unnecessary.

Management. Nystagmus may lessen after cor-
recting a visual defect, particularly with con-
tact lenses rather than eyeglasses, and by the
use of prisms or surgery to move the eyes into
the null zone without the head’s turning. In a
double-blind, placebo-controlled study, mem-
antine and gabapentin improved visual acuity,
decreased nystagmus intensity, and improved
foveation in patients with congenital nystag-
mus (McLean et al, 2007).
Spasmus Nutans

Spasmus nutans is difficult to classify as either
a congenital or an acquired nystagmus. It is
probably never present at birth; the onset is
early in infancy. Nystagmus, head nodding,
and abnormal head positioning are the clini-
cal features of spasmus nutans.

Clinical Features. Onset typically occurs between
6 and 12months of age. Nystagmus is characteris-
tically binocular (but may be monocular), has
high frequency and low amplitude, is often dys-
conjugate, and can be horizontal, vertical, or tor-
sional in direction. The head is held in a tilted
position and titubates in a manner that resem-
bles nodding. Head tilt and movement may be
more prominent than nystagmus, and torticollis
is often the first symptom (see Chapter 14).
The syndrome usually lasts for 1 to 2 years, some-
times as long as 5 years, and then resolves
spontaneously.

Diagnosis. Spasmus nutans is ordinarily a transi-
tory, benigndisorder of unknown cause.On rare
occasions, a glioma of the anterior visual path-
ways or subacute necrotizing encephalopathy
(see Chapter 10) mimics the syndrome. Tumor
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is a consideration if the nystagmus is monocular,
the optic nerve is pale, or the onset is after 1 year
of age. Typical cases do not require imaging
studies of the head and orbit.

Management. Treatment is not required.
ACQUIRED NYSTAGMUS

Pendular Nystagmus

Pendular nystagmus may be either congenital
or acquired. In adults, the usual causes of
acquired pendular nystagmus are brainstem
infarction and multiple sclerosis. In children,
pendular nystagmus in the absence of other
neurological signs is either congenital or the
first sign of spasmus nutans. However, the
development of optic atrophy in a child with
pendular nystagmus indicates a glioma of the
anterior visual pathway.

Vertical pendular nystagmus is unusual and
sometimes occurs in association with rhythmic
vertical oscillations of the palate (palatal myoc-
lonus or tremor). One encounters the syndrome
of oculopalatal oscillation in some spinocere-
bellar degenerations and in ischemic disorders
of the deep cerebellar nuclei and central teg-
mental tract.
Jerk Nystagmus

Drug-Induced Nystagmus

Clinical Features. Many psychoactive drugs,
including tranquilizers, antidepressants, anti-
convulsants, and alcohol, produce nystagmus
at high therapeutic or toxic blood concentra-
tions. The nystagmus evoked by lateral gaze is
either horizontal or horizontal-rotary. Vertical
nystagmus may be present on upward but
rarely on downward gaze. Toxic doses of most
antiepileptic drugs and lithium produce pri-
mary-position downbeat nystagmus as well.

Diagnosis. Suspect drug overdose in patients
with nystagmus and decreased consciousness.
Request a quantitative and qualitative drug
screen.

Management. Nystagmus resolves when the
blood concentration of the drug decreases.

Ictal Nystagmus

Clinical Features. Nystagmus as a seizure mani-
festation is binocular. It may occur alone or in
association with other ictal manifestations. Pupil-
lary oscillations synchronous with nystagmus are
sometimes present. As a rule, concurrent epilep-
tiform discharges are focal, contralateral to the
fast phase of nystagmus, and frontal, parieto-
occipital, or occipital. However, individual cases
exist of nystagmus accompanying generalized 3-
Hz spike-wave discharges, ipsilateral focal dis-
charges, and periodic lateralized epileptiform
discharges.

Diagnosis. Other seizure manifestations that
identify the nature of the nystagmus are usually
present. The electroencephalogram confirms
the diagnosis by the presence of epileptiform
activity concurrent with nystagmus.

Management. Ictal nystagmus responds to anti-
convulsant drug therapy (see Chapter 1).

Vestibular Nystagmus

Vestibular nystagmus occurs with disorders of
the labyrinth, vestibular nerve, vestibular nuclei
of the brainstem, or vestibulocerebellum.

Clinical Features. Labyrinthine disease (espe-
cially labyrinthitis) is usually associated with
severe vertigo, nausea, vomiting, and auto-
nomic features such as tachycardia and diapho-
resis (see Chapter 17). Deafness, or tinnitus, or
both may be present as well. Movement of the
head enhances the nystagmus and is more crit-
ical to the mechanism of nystagmus than the
position obtained. Nystagmus is usually hori-
zontal and torsional, with an initial slow phase
followed by a rapid return. It is worse when
gaze is in the direction of the fast phase. Fixa-
tion decreases nystagmus and vertigo.

Vertigo and nausea are mild when nystag-
mus is of central origin. Nystagmus is con-
stantly present and not affected by head
position. It may be horizontal or vertical and
not affected by fixation. Other neurological
disturbances referable to the brainstem or cer-
ebellum are frequently associated features.

Diagnosis. Observation alone readily identifies
vestibular nystagmus. It is identical to the nys-
tagmus provoked by caloric stimulation or rota-
tion. Labyrinthine disorders in children are
usually infectious, sometimes viral, and some-
times a result of otitis media. Central causes
of vestibular nystagmus include spinocerebellar
degeneration, brainstem glioma or infarction,
subacute necrotizing encephalomyelitis, peri-
odic ataxias, and demyelinating disorders.
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Management. Several different classes of drugs
appreciably decrease the vertigo and nausea
associated with labyrinthine disease. Diazepam
is especially effective.Other useful drugs include
tranquilizers, antihistamines, and scopolamine.
Downbeat Nystagmus

Clinical Features. In primary position, the eyes
drift slowly upward and then reflexively beat
downward. The intensity of the nystagmus is
usually greatest when directing the eyes
slightly downward and laterally. Downbeat nys-
tagmus is distinguishable from downward-beat-
ing nystagmus, in which the nystagmus is
present only on downward gaze. The cause of
downward-beating nystagmus is toxic doses of
anticonvulsant and sedative drugs, whereas
downbeat nystagmus often indicates a struc-
tural abnormality of the brainstem, especially
the cervicomedullary junction or cerebellum.
Patients report symptoms that include dizzi-
ness, oscillopsia, blurred vision, and difficulty
reading. Approximately one third of patients
are asymptomatic. Cerebellar ataxia is present
in approximately half of patients and usually
is the only associated neurological sign.

Diagnosis. Cerebellar degeneration, both con-
genital and acquired, is the most common
identifiable cause. The Chiari malformation is
another consideration. Metabolic disturbances
include phenytoin toxicity, thiamine deficiency,
and hypomagnesemia resulting from either die-
tary depletion or the use of lithium salts.

Amother and her son had a congenital hered-
itary downbeat nystagmus. The condition was
present in the boy at birth. By infancy, he needed
to keep his chin down to look at people. He had
no other neurological abnormalities, but the nys-
tagmus caused difficulty in learning to read. His
mother had a subclinical downbeat nystagmus
evident only in oblique downward gaze.

Management. Clonazepam, baclofen, gabapen-
tin, or 3,4-diaminopyridine improves oscillop-
sia and acuity in some individuals. First, try a
single test dose to determine whether or not
long-term therapy will be useful. Prisms that
increase convergence are rarely useful.
Upbeat Nystagmus

Clinical Features. In primary position, the eyes
drift slowly downward and then spontaneously
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beat upward. Upward gaze accentuates the nys-
tagmus. High- and low-amplitude types occur.
High-amplitude nystagmus increases in inten-
sity during upward gaze and indicates a lesion
in the anterior vermis of the cerebellum or
an abnormality in the anterior visual pathway.
Anterior visual pathway abnormalities include
Leber congenital amaurosis, bilateral optic
nerve hypoplasia, and congenital cataract (see
Chapter 16). Low-amplitude nystagmus de-
creases in intensity during upward gaze and,
when present, suggests an intrinsic lesion of the
medulla.

Diagnosis. Upbeat nystagmus is usually an
acquired disorder caused by vascular lesions
or tumors of the brainstem or cerebellar ver-
mis. Therefore, every child with a normal ante-
rior visual pathway requires a head MRI.
Upbeat nystagmus also occurs with impairment
of smooth pursuit movements in dominantly
inherited cerebellar vermian atrophy.

Management. Specific treatment is not avail-
able. Sometimes gabapentin or 3,4,-diamino-
pyridine is useful.
Dissociated Nystagmus

Divergence Nystagmus

Divergence nystagmus is a rare condition in
which both eyes beat outward simultaneously.
The mechanism, although poorly understood,
suggests a posterior fossa abnormality and
occurs with spinocerebellar degeneration.

Monocular Nystagmus

Monocular nystagmus may be congenital or
acquired. The most important diagnostic con-
siderations in children are spasmus nutans
and chiasmal tumors. Although no clinical fea-
ture consistently differentiates the two groups,
optic nerve abnormalities, especially optic hypo-
plasia, sometimes occur in children with tumors
but not in those with spasmus nutans.

Coarse pendular vertical nystagmus may
develop in an amblyopic eye years after the
visual loss. The nystagmus occurs in the blind
eye when attempting distance fixation with the
sighted eye and is inhibited by convergence.

Seesaw Nystagmus

Seesaw nystagmus is the result of two different
oscillations. The first is a pendular vertical



Chapter 15 Disorders of Ocular Motility
oscillation. The second is a torsional movement
in which one eye rises and intorts while the
other falls and extorts. It may be congenital
or acquired. The congenital form is sometimes
associated with absence of the chiasm and hor-
izontal pendular nystagmus. Acquired cases
are usually due to tumors of the sellar and
parasellar regions and are associated with
bitemporal hemianopia.
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Disorders of the Visual
System
Both congenital and acquired visual impair-
ments in children are often associated with
neurological disorders. The most common
visual disorders are uncorrected refractive
errors, amblyopia, strabismus, cataracts, and
genetic disorders.
ASSESSMENT OF VISUAL ACUITY

The assessment of visual acuity in preverbal
children relies mainly on assessing fixation
and following and observing the way an infant
or young child interacts with his or her
environment.
Clinical Assessment

The pupillary light reflex is an excellent test of
the functional integrity of the subcortical
afferent and efferent pathways and is reliably
present after 31 weeks’ gestation. A blink
response to light develops at about the same
time, and the lid may remain closed for as
long as light is present (the dazzle reflex).
The blink response to threat may not be pres-
ent until 5 months of age. These responses are
integrated in the brainstem and do not pro-
vide information on the cognitive (cortical)
aspects of vision.

Observing fixation and following behavior
are the principal means to assess visual func-
tion in newborns and infants. The human
face, at a distance of approximately 30 cm, is
the best target for fixation. Ninety percent of
infants fixate on faces by 9 weeks of age. After
obtaining fixation, the examiner slowly moves
from side to side to test the following response.
Visually directed grasping is present in normal
children by 3 months of age, but is difficult to
test before 6 months of age. Absence of visu-
ally directed grasping may indicate a motor
rather than a visual disturbance.

The refixation reflex evaluates the visual fields
in infants and young children by moving an
interesting stimulus in the peripheral field.
Clues to visual impairment are structural
abnormalities (e.g., microphthalmia, cloudy
cornea), an absent or asymmetrical pupillary
response to light, dysconjugate gaze, nystag-
mus, and failure to fixate or follow. Staring at
a bright light source and oculodigital stimula-
tion indicate severe visual impairment.
Visual Evoked Response

The visual evoked response to strobe light
demonstrates the anatomical integrity of visual
pathways without patient cooperation. At
30 weeks’ gestation, a positive “cortical” wave
with a peak latency of 300 msec is first demon-
strable. The latency linearly declines at a rate of
10 msec each week throughout the last 10 weeks
of gestation. In the newborn, themorphology of
the visual evoked response is variable during
wakefulness and active sleep and easiest to
obtain just after the child goes to sleep. By
3 months of age, the morphology and latency
of the visual evoked response are mature.
CONGENITAL BLINDNESS

Cortical blindness is the most common cause
of congenital visual impairment among
children referred to a neurologist. Ophthal-
mologists are more likely to see ocular
abnormalities. The causes of congenital visual
impairment are numerous and include prena-
tal and perinatal disturbances. Optic nerve
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Table 16-2 Cataract Etiology

Congenital Cataract

Chromosomal aberrations
Trisomy 13
Trisomy 18
Trisomy 21*
Turner syndrome*

Drug exposure during pregnancy
Chlorpromazine
Corticosteroids
Sulfonamides

Galactokinase deficiency
Galactose-1-phosphate uridyltransferase deficiency
Galactosemia
Genetic
Autosomal dominant inheritance
Hereditary spherocytosis*
Incontinentia pigmenti*
Marshall syndrome*
Myotonic dystrophy*
Schäfer syndrome*
Without other anomalies

Autosomal recessive inheritance
Congenital ichthyosis*
Congenital stippled epiphyses (Conradi disease)
Marinesco-Sjögren syndrome*
Siemens syndrome*
Smith-Lemli-Opitz syndrome

X-linked inheritance (oculocerebrorenal syndrome)*
Idiopathic
Intrauterine infection*
Mumps
Rubella
Syphilis

Maternal factors
Diabetes
Malnutrition
Prematurity
Radiation

*Cataracts may not be noted until infancy or childhood.

Table 16-1 Corneal Clouding
in Childhood

Cerebrohepatorenal syndrome (Zellweger
syndrome)

Congenital syphilis
Fabry disease (ceramide trihexosidosis)
Familial high-density lipoprotein deficiency

(Tangier island disease)
Fetal alcohol syndrome
Glaucoma
Infantile GM1 gangliosidosis
Juvenile metachromatic dystrophy
Marinesco-Sjögren disease
Mucolipidosis
Mucopolysaccharidoses
Multiple sulfatase deficiency
Pelizaeus-Merzbacher disease
Trauma (forceps at birth)

334

Chapter 16 Disorders of the Visual System
hypoplasia, with or without other ocular mal-
formations, is the most common ocular abnor-
mality, followed by congenital cataracts and
corneal opacities. Corneal abnormalities usu-
ally do not cause visual loss unless clouding
is extensive. Such extensive clouding may
develop in the mucopolysaccharidoses and
Fabry disease. Table 16-1 lists conditions with
corneal clouding present during childhood.
Congenital Cataract

For the purpose of this discussion, congenital
cataract includes cataracts discovered within
the first 3 months. Table 16-2 lists the differen-
tial diagnoses. Approximately one third are
hereditary, one third are syndromic, and one
third are idiopathic.
Syndromes of uncertain etiology
Hallermann-Streiff syndrome
Pseudo-Turner syndrome*
With oxycephaly
With polydactyly

Acquired Cataract

Chromosomal (Prader-Willi syndrome)
Drug induced
Corticosteroids
Long-acting miotics

Genetic
Autosomal dominant inheritance (Alport syndrome)
Autosomal recessive inheritance
Cockayne disease
Hepatolenticular degeneration (Wilson disease)
Rothmund-Thomson syndrome
Werner syndrome

X-linked inheritance (pseudo-
pseudohypoparathyroidism)

Metabolic
Cretinism
Hypocalcemia
Hypoparathyroidism
Juvenile diabetes
Pseudohypoparathyroidism

Trauma
Varicella (postnatal)

Dislocated Lens

Crouzon syndrome
Ehlers-Danlos syndrome
Homocystinuria
Hyperlysinemia
Marfan syndrome
Sturge-Weber syndrome
Sulfite oxidase deficiency



Chapter 16 Disorders of the Visual System
In previous studies, intrauterine infection
accounted for one third of congenital cataracts.
That percentage has decreased with the preven-
tion of rubella embryopathy by immunization.
Genetic and chromosomal disorders account
for at least one third, and the cause cannot be
determined in half of the cases. Nonsyndromic,
solitary, congenital cataracts are usually trans-
mitted by autosomal dominant inheritance.
The mode of transmission of syndromic con-
genital cataracts varies. In many hereditary syn-
dromes, cataracts can be either congenital or
delayed in appearance until infancy, child-
hood, or even adulthood. Several of these
syndromes—incontinentia pigmenti (irregular
skin pigmentation),Marshall syndrome (anhidro-
tic ectodermal dysplasia), Schäfer syndrome (fol-
licular hyperkeratosis), congenital ichthyosis,
and Siemens syndrome (cutaneous atrophy)—are
associated with dermatoses.

Congenital cataracts occur in approxi-
mately 10% of children with trisomies 13 and
18 and many children with trisomy 21. The
association of congenital cataract and lactic
acidosis or cardiomyopathy indicates a mito-
chondrial disorder.

Clinical Features. A small cataract may impair
vision and may be difficult to detect by direct
ophthalmoscopy. A large cataract appears as
a white mass in the pupil and, if left in place,
quickly causes deprivation amblyopia. The ini-
tial size of a cataract does not predict its
course; congenital cataracts may remain sta-
tionary or increase in density but never
improve spontaneously. Other congenital ocu-
lar abnormalities, aniridia, coloboma, and
microphthalmos occur in 40% to 50% of
newborns with congenital cataracts.

Diagnosis. A large cataract is obvious on inspec-
tion. A smaller cataract distorts the normal red
reflex when the direct ophthalmoscope is at
arm’s length from the eye and a þ12 to þ20
lens is used.

Genetic disorders and maternal drug
exposure are important considerations when
cataracts are the only abnormality. Intrauter-
ine disturbances, such as maternal illness
and fetal infection, are usually associated
with growth retardation and other malforma-
tions. Dysmorphic features are always an
indication for ordering chromosome analy-
sis. Galactosemia is suspected in children
with hepatomegaly and milk intolerance
(see Chapter 5), but cataracts may be pres-
ent even before the development of systemic
features.
Management. Developmental amblyopia is pre-
ventable by recognizing and removing cataracts
before age 3 months. Urgent referral to a pedi-
atric ophthalmologist is the standard of care.
Congenital Optic Nerve Hypoplasia

Optic nerve hypoplasia is a developmental
defect in the number of optic nerve fibers
and may result from excessive regression of
retinal ganglion cell axons. Hypoplasia may
be bilateral or unilateral and varies in severity.
It may occur as an isolated defect or be asso-
ciated with intracranial anomalies. The most
common association is with midline defects
of the septum pellucidum and hypothalamus
(septo-optic dysplasia). Septo-optic dysplasia
(de Morsier syndrome) is familial in some cases
and transmitted as an autosomal recessive
trait.

Clinical Features. The phenotype is highly vari-
able; 62% of affected children have isolated
hypopituitarism, and 30% have the complete
phenotype of pituitary hypoplasia, optic nerve
hypoplasia, and agenesis of midline structures
(Thomas et al, 2001). In one study group
of 55 patients with optic nerve hypoplasia,
49% had an abnormal septum pellucidum on
magnetic resonance imaging (MRI), and 64%
had a hypothalamic-pituitary axis abnormality
(Birkebaek et al, 2003). Twenty-seven (49%)
patients had endocrine dysfunction, and 23 of
these had a hypothalamic-pituitary axis abnor-
mality. The frequency of endocrinopathy was
higher in patients with an abnormal septum
pellucidum (56%) than a normal septum pellu-
cidum (39%), and the appearance of the sep-
tum pellucidum predicts the likely spectrum
of endocrinopathy.

When hypoplasia is severe, the child is
severely visually impaired and the eyes draw
attention because of strabismus and nystag-
mus. Ophthalmoscopic examination reveals a
small, pale nerve head (Fig. 16-1). A pigmented
area surrounded by a yellowish mottled halo
is sometimes present at the edge of the disk
margin, giving the appearance of a double
ring. The degree of hypothalamic-pituitary
involvement varies. Possible symptoms include
neonatal hypoglycemia and seizures, recurrent
hypoglycemia in childhood, growth retarda-
tion, diabetes insipidus, and sexual infantilism.
Some combination of mental retardation, cere-
bral palsy, and epilepsy is often present and
indicates malformations in other portions of
the brain.
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Figure 16-1 Optic nerve hypoplasia. The optic
nerve is small and pale, but the vessels are of
normal size.
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Diagnosis. All infants with ophthalmoscopic
evidence of optic nerve hypoplasia require cra-
nial MRI and an assessment of endocrine sta-
tus. The common findings on MRI are cavum
septum pellucidum, hypoplasia of the cerebel-
lum, aplasia of the corpus callosum, aplasia of
the fornix, and an empty sella. Absence of the
pituitary infundibulum with posterior pituitary
ectopia indicates congenital hypopituitarism.
Endocrine studies should include assays of
growth hormone, antidiuretic hormone, and
the integrity of hypothalamic-pituitary control
of the thyroid, adrenal, and gonadal systems.
Infants with hypoglycemia usually have growth
hormone deficiency.

Superior segmental optic nerve hypoplasia
is associated with congenital inferior visual
field defects. It occurs in a child born to a
mother with insulin-dependent diabetes.

Management. No treatment is available for optic
nerve hypoplasia, but endocrine abnormalities
respond to replacement therapy. Children with
corticotropin deficiencymay experience sudden
death. Children with visual impairment may
benefit from visual aids.
Coloboma

Coloboma is a defect in embryogenesis that
may affect only the optic disk or may include
the retina, iris, ciliary body, and choroid. Colo-
bomas isolated to the nerve head appear as
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deep excavations, deeper inferiorly. They
may be unilateral or bilateral. The causes of
congenital coloboma are genetic (monogenic
and chromosomal) and intrauterine (toxic
and infectious) disease. Retinochoroidal colo-
bomas are glistening white or yellow defects
inferior or inferior nasal to the optic disk.
The margins are distinct and surrounded by
pigment. Morning glory disk is not a form of
coloboma; it is an enlarged dysplastic disk with
a white excavated center surrounded by an ele-
vated annulus of pigmentary change. Retinal
vessels enter and leave at the margin of the
disk, giving the appearance of a morning glory
flower. The morning glory syndrome is asso-
ciated with transsphenoidal encephaloceles.
Affected children are dysmorphic, withmidline
facial anomalies.
ACUTE MONOCULAR
OR BINOCULAR BLINDNESS

The differential diagnoses of acute and pro-
gressive blindness show considerable overlap.
Although older children recognize sudden
visual loss, slowly progressive ocular distur-
bances may produce an asymptomatic decline
until vision is severely disturbed, especially if
unilateral. When finally noticed, the child’s loss
of visual acuity seems acute. Teachers or par-
ents are often the first to recognize a slowly pro-
gressive visual disturbance. Table 16-3 lists
conditions in which visual acuity is normal and
then suddenly lost. Table 16-4 lists disorders in
which the underlying pathological process is
progressive. The patient first perceives the con-
dition. Therefore, consult both tables in the dif-
ferential diagnosis of acute blindness. The
duration of a transitory monocular visual loss
suggests the underlying cause: seconds indicate
optic disk disorders such as papilledema or dru-
sen, minutes indicate emboli, hours indicate
migraine, and days indicate optic neuropathy,
most commonly optic neuritis.
Cortical Blindness

Cortical blindness in children may be perma-
nent or transitory, depending on the cause.
The causes of transitory cortical blindness in
childhood include migraine (see Chapter 3),
mild head trauma, brief episodes of hypoglyce-
mia or hypotension, and benign occipital epi-
lepsy (see Chapter 1). Acute and sometimes
permanent blindness may occur after anoxia;



Table 16-4 Causes of Progressive Loss of
Vision

Compressive Optic Neuropathies

Aneurysm (see Chapters 4 and 15)
Arteriovenousmalformations (see Chapters 4, 10, and 11)
Craniopharyngioma
Hypothalamic and optic tumors
Pituitary adenoma
Pseudotumor cerebri (see Chapter 4)

Disorders of the Lens (see Table 16-3)

Cataract
Dislocation of the lens

Hereditary Optic Atrophy

Leber hereditary optic neuropathy
Wolfram syndrome

Intraocular Tumors

Tapetoretinal Degenerations

Abnormal carbohydrate metabolism
Mucopolysaccharidosis (see Chapter 5)
Primary hyperoxaluria

Abnormal lipid metabolism
Abetalipoproteinemia (see Chapter 10)
Hypobetalipoproteinemia (see Chapter 10)
Multiple sulfatase deficiency (see Chapter 5)
Neuronal ceroid lipofuscinosis (see Chapter 5)
Niemann-Pick disease (see Chapter 5)
Refsum disease (see Chapter 7)

Other syndromes of unknown etiology
Bardet-Biedl syndrome
Cockayne syndrome
Laurence-Moon syndrome
Refsum disease (see Chapter 7)
Usher syndrome (see Chapter 17)

Table 16-3 Causes of Acute Loss of Vision

Carotid dissection (see Chapter 11)
Cortical blindness
Anoxic encephalopathy (see Chapter 2)
Benign occipital epilepsy (see Chapter 1)
Hydrocephalus
Hypertension (malignant or accelerated)
Hyperviscosity
Hypoglycemia
Hypotension
Migraine (see Chapter 3)
Occipital metastatic disease
Post-traumatic transient cerebral blindness
Systemic lupus erythematosus
Toxic (e.g., cyclosporine)
Trauma

Hysteria
Optic neuropathy
Demyelinating
Idiopathic optic neuritis
Multiple sclerosis (see Chapter 10)
Neuromyelitis optica (see Chapter 12)

Ischemic
Toxic
Traumatic

Pituitary apoplexy
Pseudotumor cerebri (see Chapter 4)
Retinal disease
Central retinal artery occlusion
Migraine
Trauma
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secondary to massive infarction of, or hemor-
rhage into, the visual cortex; and when multi-
focal metastatic tumors or abscesses are
located in the occipital lobes. The main fea-
ture of cortical blindness is loss of vision with
preservation of the pupillary light reflex. Fun-
doscopic examination is normal.

Hypoglycemia

Repeated episodes of acute cortical blindness
may occur at the time of mild hypoglycemia
in children with glycogen storage diseases and
after insulin overdose in diabetic children.

Clinical Features. Sudden blindness is asso-
ciated with clinical evidence of hypoglycemia
(sweating and confusion). Ophthalmoscopic
and neurological findings are normal. Recov-
ery is complete in 2 to 3 hours.

Diagnosis. During an episode of cortical blind-
ness caused by hypoglycemia, the electroen-
cephalogram shows high-voltage slowing over
both occipital lobes. After the episode, the
electroencephalogram returns to normal.
Brain MRI shows diffuse edema in the occipi-
tal lobes.
Management. Recovery occurs when the blood
glucose concentration normalizes.

Transitory Post-Traumatic Cerebral
Blindness

Clinical Features. Transitory post-traumatic cere-
bral blindness is a benign syndrome that most
often occurs in children with a history of
migraine or epilepsy. The spectrum of visual
disturbance is broad, but a juvenile pattern
and an adolescent pattern exist. In chil-
dren younger than 8 years, the precipitating
trauma is usually associated with either a brief
loss of consciousness or a report that the child
was “stunned.” The child claims blindness
almost immediately on regaining conscious-
ness, which lasts for an hour or less. During
the episode, the child may be lethargic and
irritable but is usually coherent. Recovery is
complete, and the child may not recall the
event.
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In older children, a syndrome of blindness,
confusion, and agitation begins several minutes
or hours after minor head trauma. Conscious-
ness is not lost. All symptoms resolve after several
hours, and the child has no recollection of the
event. These episodes share many features with
acute confusional migraine and are probably a
variant of that disorder (see Chapter 2).

Diagnosis. Head computed tomography is in-
variable in children with any neurological
abnormality after head trauma, but is probably
unnecessary if the blindness has cleared. Those
with persistent blindness requireMRI to exclude
injury to the occipital lobes. Occipital intermit-
tent rhythmic delta on electroencephalography
suggests migraine as the underlying cause. Rec-
ognition of the syndrome can avoid the trouble
and expense of other studies. Scrutinize the
family history for the possibility of migraine or
epilepsy. The rapid and complete resolution of
all symptoms confirms the diagnosis.

Management. Treatment is unnecessary if the
symptoms resolve spontaneously.
Hysterical Blindness

A spurious claim of complete binocular blind-
ness is easy to identify. A pupillary response to
light indicates that the anterior pathway is
intact and only cortical blindness is a possibil-
ity. Simply observing the child’s visual behav-
ior, such as making eye contact, avoiding
obstructions in the waiting room, and follow-
ing nonverbal instructions, confirms effective
visual capability. Otherwise, assess visual func-
tion by using a full-field optokinetic stimulus
tape or by moving a large mirror in front of
the patient to stimulate matching eye move-
ments. In the case of hysterical monocular
blindness, perform the same tests with a patch
covering the normal eye.

Spurious claims of partial visual impairment
are more difficult to challenge. Helpful tests
include observation of visual behavior, failure
of acuity to improve linearly with increasing test
size, inappropriate ability to detect small test
objects on a tangent screen, and constricted
(tunnel) visual fields to confrontation.

Optic Neuropathies

Demyelinating Optic Neuropathy

Demyelination of the optic nerve (optic neuri-
tis) may occur as an isolated finding affecting
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one or both eyes, or it may be associated with
demyelination in other portions of the nervous
system. Discussion of neuromyelitis optica
(Devic syndrome), the syndrome combining optic
neuritis and transverse myelitis, appears in
Chapter 12 and that of multiple sclerosis is in
Chapter 10. MRI is a useful technique for
surveying the central nervous system for demye-
linating lesions (see Fig. 10-3). The incidence of
later multiple sclerosis among children with
optic neuritis is 15% or less if there is no evi-
dence of more diffuse involvement when they
are brought to medical attention. The inci-
dence is almost 100% when diffuse involvement
is present or when optic neuritis recurs within
1 year. Unilateral optic neuritis, and retrobul-
bar as opposed to papillitis, has a higher inci-
dence of later multiple sclerosis than bilateral
optic neuritis.

Clinical Features. Monocular involvement is
characteristic of optic neuritis in adults, but
binocular involvement occurs in more than
half of children. Binocular involvement may
be concurrent or sequential, sometimes occur-
ring over a period of weeks. The initial feature
in some children is pain in the eye, but for
most, it is blurred vision, progressing within
hours or days to partial or complete blindness.
Visual acuity decreases to less than 20/200 in
almost all affected children within 1 week. A
history of a “viral” infection or immunization
is common, but a cause-and-effect relationship
between optic neuritis and these events is not
established.

The results of ophthalmoscopic examina-
tion may be normal at the onset of symptoms
if neuritis is primarily retrobulbar. Visual loss
readily distinguishes papillitis from papille-
dema. In optic neuritis, visual loss occurs early,
and in papilledema, visual loss is a late feature.

Neuroretinitis is the association of swelling
of the optic nerve head with macular edema
or a macular star. Ophthalmoscopic examina-
tion shows disk swelling, peripapillary retinal
detachment, and a macular star (Fig. 16-2).
Neuroretinitis suggests the possibility of condi-
tions other than idiopathic optic neuritis.

In the absence of myelitis, the prognosis in
children with bilateral optic neuritis is good.
Complete recovery occurs in 90% of those
affected.
Diagnosis. Optic neuritis is a consideration
whenever monocular or binocular blindness
develops suddenly in a child. Ophthalmo-
scopic or slit-lamp examination confirms the



Figure 16-2 Neuroretinitis. The optic disk is swol-
len and the peripapillary nerve fiber layer is opaci-
fied. Exudates surround the macula in a star pat-
tern. (Courtesy of Patrick Lavin, MD.)
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diagnosis. Visual evoked response testing fur-
ther confirms the diagnosis. MRI of the orbit
rarely reveals swelling and demyelination of
the optic nerve. Examination of the cerebrospi-
nal fluid is unnecessary. Such examination
sometimes shows leukocytosis and an increased
concentration of protein, but provides no
information concerning the cause or progno-
sis. Accelerated hypertension causes bilateral
swelling of the optic nerves, and recording
blood pressure is an essential part of the
evaluation.

Management. Intravenous methylprednisolone,
250 mg every 6 hours for 3 days, followed by
oral prednisone, 1 mg/kg/day for 14 days,
speeds the recovery of visual loss and, in adults,
may decrease the rate of development of
multiple sclerosis over a 2-year period. Treat-
ment with oral corticosteroids alone is not
recommended.

Ischemic Optic Neuropathy

Infarction of the anterior portion of the optic
nerve is rare in children. It is usually asso-
ciated with hypotension or systemic vascular
disease.

Clinical Features. Ischemicopticneuropathyusu-
ally occurs as a sudden segmental loss of vision
in one eye, but slow or stepwise progression
over several days is possible. Recurrent epi-
sodes are unusual except withmigraine and some
idiopathic cases.

Diagnosis. Altitudinal visual field defects are
present in 70% to 80% of patients. Color
vision loss is roughly equivalent in severity to
visual acuity loss, whereas in demyelinating
optic neuritis, the disturbance of color vision
is greater than that of visual acuity. Ophthal-
moscopic examination reveals diffuse or par-
tial swelling of the optic disk. When swelling
is diffuse, it gives the appearance of papille-
dema and flame-shaped hemorrhages appear
adjacent to the disk margin. After acute swel-
ling subsides, optic atrophy follows.

Management. Treatment depends on the under-
lying cause of ischemia.

Toxic-Nutritional Optic Neuropathies

Drugs, toxins, and nutritional deficiencies alone
or in combinationmay cause an acute orprogres-
sive optic neuropathy. These factors may cause
optic neuropathy by inducing mitochondrial
changes, perhaps in susceptible populations with
mitochondrial DNA mutations.

Clinical Features. Implicated drugs include
barbiturates, antibiotics (chloramphenicol, iso-
niazid, streptomycin, sulfonamides), chemo-
therapeutic agents, chlorpropamide, digitalis,
ergot, halogenated hydroxyquinolines, penicil-
lamine, and quinine. Nutritional deficiencies
that may cause such optic neuropathies include
folic acid and vitamins B1, B2, B6, and B12.

Symptoms vary with the specific drug,
but progressive loss of central vision is typical.
In some cases, visual loss is rapid and develops
as acute binocular blindness that may be
asymmetrical at onset, suggesting monocular
involvement. Many of the drugs produce optic
neuropathy by interfering with the action of
folic acid or vitamin B12 and thereby causing
a nutritional deficiency.

Diagnosis. Drug toxicity is suspected whenever
central and paracentral scotomas develop dur-
ing the course of drug treatment. Optic nerve
hyperemia with small paracentral hemor-
rhages may be an early feature. Later, the disk
becomes pale.

Management. Drug-induced optic neuropathy
is dose related. Dose reduction may be satisfac-
tory in some cases, especially if concurrent
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treatment with folic acid or vitamin B12 rever-
ses the process. Some drugs require complete
cessation of therapy.

Traumatic Optic Neuropathies

Trauma to the head may cause an indirect
optic neuropathy in one or both eyes. The
optic nerve, tethered along its course, is there-
fore subject to shearing forces when the skull
suddenly accelerates or decelerates. Possible
consequences include acute swelling, hemor-
rhage, or tear. This is particularly common in
children who sustain bicycle injuries when
not wearing a helmet.

Clinical Features. Loss of vision is usually imme-
diate. Delayed visual loss caused by a hematoma
or edema may respond to corticosteroids and
has a better prognosis. The distinction between
traumatic optic neuropathy and cortical blind-
ness is easy because the pupillary response in
optic neuropathy diminishes. The prognosis for
recovery is best if there is a brief delay between
the time of injury and the onset of blindness.

Diagnosis. The loss of vision and pupillary
light response immediately after a head injury
should suggest the diagnosis. Ophthalmo-
logical examination may reveal peripapillary
hemorrhages.

Management. Suggested treatments include cor-
ticosteroids and surgical decompression of the
nerve.
Pituitary Apoplexy

Pituitary apoplexy is a rare life-threatening
condition caused by hemorrhagic infarction
of the pituitary gland.

Clinical Features. Pituitary infarction occurs
most often when there is a preexisting pitui-
tary tumor, but may also occur in the absence
of tumor. Several different clinical features are
possible, depending on the structures affected
by the swollen gland. These include any of
the following, alone or in combination: mon-
ocular or binocular blindness, visual field
defects, ophthalmoplegia, chemical meningi-
tis, cerebrospinal fluid rhinorrhea, and shock
from hypopituitarism. Leakage of blood and
necrotic material into the subarachnoid
space causes chemical meningitis associated
with headache, meningismus, and loss of
consciousness.
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Diagnosis. MRI of the head with views of the
pituitary gland establishes the diagnosis. Endo-
crine testing may show a deficiency of all pitu-
itary hormones.

Management. Patients deteriorate rapidly and
may die within a few days without prompt
administration of corticosteroids. Replace-
ment of other hormones is required but not
lifesaving. In patients who continue to do
poorly, as evidenced by loss of consciousness,
hypothalamic instability, or loss of vision,
urgent surgical decompression of the expand-
ing pituitary mass is required.
Retinal Disease

Central Retinal Artery Occlusion

Migraine and coagulopathies are the main
predisposing conditions among children with
retinal artery obstruction. Others are sickle
cell disease, cardiac disorders, vasculitis, and
pregnancy. Congenital heart disease is the
usual preexisting condition causing emboli to
the central retinal artery in young people.
Mitral valve prolapse is a potential cause, but
is more likely to produce transitory cerebral
ischemia than monocular blindness.

Clinical Features. Most affected children have
an abrupt loss of monocular vision of variable
intensity without premonitory symptoms. Some
describe spots, a shadow, or a descending veil
before the loss of vision. Bilateral retinal artery
occlusion is uncommon in children.

Diagnosis. The clinical history and ophthalmo-
scopic examination are the basis for the diagnosis
of retinal artery obstruction. The posterior pole
of the retina becomes opacified except in the
foveal region, which contains a cherry-red spot.
The peripheral retina appears normal. Visual
field examination and fluorescein angiography
help to confirm the diagnosis in some cases.
One must seek the underlying cause once
the diagnosis is established. Evaluation should
include auscultation of the heart; chest radio-
graphs; echocardiography in selected cases;
complete blood cell count with sedimentation
rate, cholesterol, and triglyceride screening;
coagulation studies; hemoglobin electrophore-
sis; and lupus anticoagulant and antiphospho-
lipid antibodies.

Management. Acute treatment requires im-
mediate ophthalmological consultation. The
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management of idiopathic occlusion of the reti-
nal artery in adults is controversial, with some
authorities recommending the use of cortico-
steroids. In children, giant cell arteritis is not a
consideration, and corticosteroid use is unneces-
sary. Visual acuity ismore likely to improve when
the obstruction is in a branch artery rather than
in the central retinal artery.
Retinal Migraine

Clinical Features. Visual symptoms are rela-
tively common during an attack of classic mi-
graine (see Chapter 3). The typical scintillating
scotomas, or “fortification spectra,” are field
defects caused by altered neuronal function in
the occipital cortex. The affected field is
contralateral to the headache.

Transitory monocular blindness is an
unusual feature of migraine. Careful question-
ing differentiates a field defect from a monoc-
ular defect. Migraine is the main cause of
transitory monocular blindness in children.
The visual loss is sudden in most cases, may
be partial or complete, and often precedes
and is ipsilateral to the headache. Recurrences
are usually in the same eye, and attacks may
occur without headache. One parent, usually
the mother, has a history of migraine.

Typical patients have a long personal his-
tory of migraine with aura in which both field
defects and monocular blindness occur sepa-
rately or together. A mosaic or jigsaw pattern
of scotomas that clears within minutes is expe-
rienced. Permanent monocular blindness is
unusual and occurs mainly in adolescent girls
and women. Many patients with persistent
blindness have other risk factors for vascular
disease, such as the use of oral contraceptives
or vasculitis.

Diagnosis. Consider the diagnosis in children
with a history of migraine with aura. Ophthal-
moscopic findings may be normal initially and
then include retinal edema with scattered
hemorrhages. Fluorescein angiography reveals
several patterns of retinal vaso-occlusive dis-
ease involving the branch retinal artery, the
central retinal artery, the central retinal vein,
and the cilioretinal artery.

Management. Children who have retinal ische-
mia during migraine attacks require prophy-
laxis with pharmaceutical agents that prevent
further episodes.
Retinal Trauma

Direct blunt injury to the orbit causes visual
impairment by retinal contusion, tear, or de-
tachment. A diminished pupillary response
characterizes all three. Contusion is associated
with retinal edema. Although visual loss is
immediate, the retina appears normal for the
first few hours and only later becomes white
and opaque. The severity of visual loss varies,
but complete recovery is the rule.

Retinal tear is often associated with vitreous
hemorrhage. Visual loss is usually immediate
and easily diagnosed by its ophthalmoscopic
appearance. Recovery is spontaneous unless
there is detachment, for which cryotherapy is
required.
PROGRESSIVE LOSS OF VISION

Compressive Optic Neuropathy

Compression of one or both optic nerves
often occurs in the region of the chiasm. The
visual loss may involve one eye or one visual
field. In children with tumors in and around
the diencephalon, the most constant feature
is growth failure, which may be unrecognized
until other symptoms develop.

Craniopharyngioma

Clinical Features. Craniopharyngiomas are the
most common nonglial tumors in children. The
peak age range for diagnosis of this tumor is
6 to 14 years. The typical onset is insidious, and
a 1- to 2-year history of slowly progressive symp-
toms is common. These symptoms may include
progressive visual loss, delayed sexual matura-
tion, growth failure, weight gain, and diabetes
insipidus. Field defects are frequently asymmetri-
cal or unilateral. Bitemporal hemianopia is pres-
ent in 50% of children, with craniopharyngioma
and homonymous hemianopia in 10% to 20%.
Decreased visual acuity in one or both eyes and
optic atrophy are constant features.

Approximately 25% of children have hydro-
cephalus that causes headache andpapilledema.
Hypothalamic involvement may produce diabe-
tes insipidus or the hypodipsia-hyponatremia
syndrome, characterized by lethargy, confusion,
and hypotension. Other features depend on the
direction of tumor growth. Anterior extension
may compress the olfactory tract, causing anos-
mia, whereas lateral extension may compress
the third and fifth nerves.
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Figure 16-3 Optic nerve glioma identified by MRI
(arrow).
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Diagnosis. MRI is diagnostic. The important
feature is a multicystic and solid enhancing
suprasellar mass, which causes hydrocephalus
and stretches the optic nerves and chiasm
(Brunel et al, 2002).

Management. Surgical removal of the tumor is
the most effective treatment. Complete micro-
surgical resection is the treatment of choice
for newly diagnosed craniopharyngiomas.
There are recurrences in 30% after complete
resection, in 57% after incomplete resection,
and in 30% when radiation follows subtotal
resection. The 5- and 10-year survival rates
after postoperative radiotherapy are 84% and
72%, respectively, for children. Most long-
term survivors experience panhypopituitarism,
cognitive impairment, and obesity.

Optic Pathway and Diencephalic
Gliomas

Sixty percent of optic pathway gliomas are pilo-
cytic astrocytomas, and the remaining 40% are
fibrillary astrocytomas. Optic gliomas represent
3% to 5% of childhood brain tumors. They may
involve any part of the optic pathway from the
optic nerves to the optic radiations. They also
infiltrate the adjacent hypothalamus and tem-
poral lobes. More than 50% of children with
optic gliomas have neurofibromatosis type 1
(NF1). Precocious puberty is a common initial
feature in children with NF1. The rate of tumor
growth is slower in children with NF1 than
when NF1 is not present.

Clinical Features. Initial symptoms depend on
the location, but hypothalamic tumors eventu-
ally affect the optic chiasm and optic chiasm
tumors affect the hypothalamus. In children
younger than 3 years, tumors of the hypothala-
mus may produce diencephalic syndrome, charac-
terized by marked loss of subcutaneous fat
and total body weight with maintenance or
acceleration of long bone growth. Despite the
presence of cachexia, the infant is mentally
alert and does not seem as sick as the appear-
ance suggests. Pendular or seesaw nystagmus
may be associated. The precise endocrine
mechanism that leads to the diencephalic syn-
drome is unknown. Hamartomas of the tuber
cinereum, optic pathway gliomas that compress
the hypothalamus, and craniopharyngiomas
are also associated with diencephalic syndrome.
Precocious puberty, rather than diencephalic
syndrome, can be the initial feature of hypotha-
lamic tumors in infants and children.
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Age is an important prognostic factor for
optic gliomas. Children younger than 5 years
of age have a more aggressive course. The pre-
senting features of unilateral optic nerve glio-
mas are visual loss, proptosis, and optic
atrophy. Chiasmatic tumors in infants present
as very large suprasellar masses that may also
extend into the hypothalamus and third ven-
tricle, producing hydrocephalus and endo-
crine abnormalities. Binocular involvement
suggests involvement of the optic chiasm or
tract. Visual field deficits vary. Increased intra-
cranial pressure suggests extension of tumor
from the chiasm to the hypothalamus.

Although the tumor is usually benign, the
location results in serious morbidity. Children
with NF1 have a better progression-free sur-
vival, whereas age younger than 1 year is asso-
ciated with a higher risk of tumor progression
(Opocher et al, 2006). Patients with optic path-
way gliomas associated with NF1 may remain
stable for several years.

Diagnosis. MRI of the hypothalamus identifies
gliomas as high-density signals on T2-weighted
imaging studies. MRI permits visualization of
the hypothalamus in several different planes
and identification of brainstem extension of
the tumor (Fig. 16-3).
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Contrast-enhanced MRI identifies optic
pathway gliomas as an enlarged tubular appear-
ance of the nerve and chiasm. Examine the
entire visual pathway in all children with optic
nerve gliomas because many tumors involve
the chiasm and retrochiasmal pathways. Rou-
tine MRI to screen for optic pathway gliomas
in asymptomatic children with NF1 does not
affect the outcome (Listernick et al, 1997). Reg-
ular ophthalmological examinations are the
preferred method for surveillance.

Management. Several factors influence man-
agement decisions. The indications for early
intervention are younger age, progressive
symptoms, and extensive central nervous sys-
tem involvement. Chemotherapy, the initial
treatment, may provide stabilization or regres-
sion (Silva et al, 2000). Older children and
those in whom chemotherapy fails receive
radiation therapy, which provides 5-year sur-
vival rates as high as 30%. Stereotaxic-guided
biopsy of hypothalamic tumors is often dan-
gerous and provides no greater diagnostic
information than imaging. Tumors located
in the floor of the fourth ventricle, lateral
recesses, cerebellar pontine angle, or cervical
medullary junction may be surgically accessi-
ble and have a more benign course. Never
resect an intrinsic optic nerve or a chiasmal
glioma unless the child is already blind and
the tumor is impinging on adjacent structures.

Optic pathway gliomas associated with NF1
rarely progress significantly after the time of
diagnosis. Biopsy or removal of tumor from a
sighted eye is only considered when the tumor
is malignant, progressively enlarging or causing
severe proptosis, and likely to cause blindness
or death. Spontaneous regression of tumor
and improved vision may occur spontaneously.

Pituitary Adenoma

Pituitary adenomas represent only 1% to 2% of
intracranial tumors of childhood. Visual field
defects may be unilateral temporal, bitemporal,
or occasionally homonymous. Optic atrophy is
present in 10% to 20% of cases.

Clinical Features. The onset of symptoms is
usually during adolescence. The presenting
features relate to the hormone secreted by
the tumor. Approximately one third of adeno-
mas secrete prolactin, one third are nonfunc-
tioning, and many of the rest secrete growth
hormone or corticotropin. Amenorrhea is usu-
ally the first symptom in girls with prolactin-
secreting tumors. Galactorrhea may also be
present. In boys, the initial features are growth
retardation, delayed puberty, and headache.

Gigantism results when increased concentra-
tions of growth hormone circulate before the
epiphyses close. After closure, growth hormone
causes acromegaly. Increased concentrations
of corticotropin cause Cushing syndrome.

Diagnosis. MRI provides excellent visualization
of the tumor and identification of its extrasel-
lar extent. Measurement of hormone produc-
tion is useful in distinguishing the tumor type.

Management. Surgical resection is the pre-
ferred treatment for tumors that compress
the optic pathways. Medical treatment may suf-
fice for small tumors.
Hereditary Optic Neuropathy

Hereditary optic neuropathies may affect
only the visual system, the visual system and
central nervous system, or multiple systems.
The underlying abnormality may be in the
nuclear or mitochondrial DNA. These disor-
ders can cause acute, subacute, or chronic
visual decline.

Leber Congenital Amaurosis

Leber congenital amaurosis, a group of auto-
somal recessive retinal dystrophies, is the most
common genetic cause of congenital visual
impairment (Weleber et al, 2006). Eight dif-
ferent gene mutations cause one third of
cases. The common feature is disturbance of
the retinal pigmentary epithelium.

Clinical Features. The clinical characteristics of
Leber congenital amaurosis are moderate
to severe visual impairment at or within a
few months of birth, nystagmus, and slug-
gish pupillary responses. Additional features
include symmetrical midfacial hypoplasia with
enophthalmos and hypermetropic refractive
errors. Although substantial variation between
families exists, the phenotype is relatively con-
stantwithin families.Ophthalmoscopy of the ret-
ina shows no abnormality in infancy and early
childhood, but with time, progressive retinal
stippling and pallor of the optic disk appear.
Mental retardation and other neurological dis-
turbances may be associated. Visual acuity is
rarely better than 20/400. A characteristic
finding is the Franceschetti oculodigital sign, which
consists of eye poking, pressing, and rubbing.
343



Chapter 16 Disorders of the Visual System
Diagnosis. The retinal appearance and abnor-
mal electroretinogram establish the diagnosis
in infants. Neuroimaging shows cerebellar atro-
phy in children with mental slowing. Other dis-
orders that may be mistaken for Leber
congenital amaurosis are peroxisomal disor-
ders and several varieties of infantile-onset pro-
gressive retinal degeneration.

Management. The retinopathy is not reversible.

Wolfram Syndrome

Wolfram syndrome is the combination of diabe-
tes insipidus andmellitus with optic atrophy and
bilateral neurosensory hearing loss. A mutation
in a gene in the 4p16 region predisposes to mul-
tiple mitochondrial DNA deletions in families
with Wolfram syndrome (Online Mendelian
Inheritance in Man, 2004). A second form, Wol-
fram syndrome 2, linking to a different site, is
less common.

Clinical Features. The onset of diabetes is usu-
ally in the first decade. Insulin therapy is
required soon after diagnosis. Visual loss pro-
gresses rapidly in the second decade but does
not lead to complete blindness. Diabetes does
not cause optic atrophy; rather, all clinical fea-
tures result from a progressive neurodegenera-
tive process. The sensorineural hearing loss
affects high frequencies first. The hearing loss
is progressive, but rarely leads to severe hearing
loss. Features reported in some patients include
anosmia, autonomic dysfunction, ptosis, exter-
nal ophthalmoplegia, tremor, ataxia, nystag-
mus, seizures, central diabetes insipidus, and
endocrinopathies. Psychiatric illness occurs in
most cases of Wolfram syndrome, and heterozy-
gous carriers have a predisposition for psychiat-
ric disorders.

Diagnosis. Diagnosis depends on the combina-
tion of the preceding list of clinical features.
Mitochondrial DNA analysis confirms the clin-
ical suspicion.

Management. Symptomatic treatment is neces-
sary for each of the clinical features.
Retinoblastoma

Although retro-orbital tumors generally cause
strabismus and proptosis, intraocular tumors
always diminish vision. Retinoblastoma is the
only malignant intraocular tumor of child-
hood. Its prompt recognition can be lifesaving.
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The typical features of retinoblastoma in a
young child are an abnormal appearance of
the eye, loss of vision, and strabismus. Monocu-
lar blindness is usually unrecognized by parents.
Older children may report visual blurring and
floaters. Ocular pain is uncommon.

Leukokoria, a white pupillary reflex, is the
initial feature in most children with retinoblas-
toma. In bright sunlight or a flash photo-
graph, the pupil does not constrict and has a
white color. Strabismus occurs when visual
acuity is impaired. The sighted eye fixates,
and the other remains deviated outward in
all directions of gaze.

All children with intraocular tumors are
referred to an ophthalmologist. A neurologist
may be the primary consulting physician when
the tumor is part of a larger syndrome that
includes mental retardation. Such syndromes
include retinoblastoma associated with dele-
tion of the long arm of chromosome 13, retinal
astrocytoma associated with tuberous scle-
rosis, choroidal hemangioma associated with
Sturge-Weber disease, and optic nerve glioma
in children with NF.
Tapetoretinal Degenerations

Most tapetoretinal degenerations are heredi-
tary and due to inborn errors of lipid or carbo-
hydrate metabolism. These disorders cause
dementia, peripheral neuropathy, and ataxia
as initial features and are discussed in several
chapters. The conditions discussed here are
less common, but other neurological features
are not prominent initial symptoms.

Bardet-Biedl Syndrome

The Bardet-Biedl syndrome is a genetically het-
erogeneous disorder (Ross and Beales, 2007).
The common features of all types are mental
retardation, pigmentary retinopathy, polydac-
tyly, obesity, and hypogenitalism.

Clinical Features. Cone-rod dystrophy usually
manifests in the seconddecade. Its characteristic
features may be salt-and-pepper retinopathy,
macular pigmentation, and macular degen-
eration. In some patients, the retina appears
normal, but the electroretinogram always
shows abnormalities. Other features include
truncal obesity, postaxial polydactyly, cognitive
impairment, male hypogonadotrophic hypogo-
nadism, complex female genitourinary malfor-
mations, and renal dysfunction. Heterozygotes
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have an increased frequency of obesity, hyper-
tension, diabetes mellitus, and renal disease.

Diagnosis. Diagnosis depends on recognition
of the clinical constellation of symptoms and
signs.

Management. Treatment is symptomatic.

Cockayne Syndrome

Cockayne syndrome (CS), like xeroderma pig-
mentosum (see Chapter 5), is a disorder of
DNA repair (Nance, 2003). There are several
types of CS: types I, II, and III and xeroderma
pigmentosum-CS. Inheritance is autosomal
recessive.

Clinical Features. In CS type I, prenatal growth
is normal. Growth and developmental failure
begin in the first 2 years. Height, weight,
and head circumference will be below the
fifth percentile. Progressive impairment of
vision, hearing, and central and peripheral
nervous system function leads to severe dis-
ability. Death typically occurs in the first or
second decade.

The characteristic features of CS type II are
growth failure at birth, with little or no postna-
tal neurological development. Congenital cata-
racts or other structural anomalies of the eye
may be present. Contractures develop in the
spine and joints. Patients typically die by age 7
years. CS type III is rare and has a late onset.
Xeroderma pigmentosum-CS includes facial
freckling and early skin cancers typical of xero-
derma pigmentosum and some features typical
of CS, such as mental retardation, spasticity,
short stature, and hypogonadism. Approxi-
mately 55% of affected children develop a pig-
mentary retinopathy, and 60% develop a sen-
sorineural hearing loss.

Diagnosis. The diagnosis is by the clinical fea-
tures and by molecular genetics testing.

Management. Treatment is symptomatic.
Laurence-Moon Syndrome

Laurence-Moon syndrome is a distinct dis-
order with mental retardation, pigmentary
retinopathy, hypogenitalism, and spastic para-
plegia without polydactyly and obesity. Its
highest prevalence is in the Arab population
of Kuwait.
DISORDERS OF THE PUPIL

When the person is awake, the size of the
pupil is constantly changing in response to
light and autonomic input. This pupillary
unrest is called hippus. An isolated disturbance
of pupillary size is not evidence of intracranial
disease.
Aniridia

Hypoplasia of the iris may occur as a solitary
abnormality or may be associated with mental
retardation, genitourinary abnormalities, and
Wilms tumor. Approximately two thirds of
cases are genetic and transmitted as an autoso-
mal dominant trait. One third of sporadic
cases are associated with Wilms tumor. In
some cases, the short arm of chromosome 11
is abnormal.
Benign Essential Anisocoria

Between 20% and 30% of healthy individuals
have an observable difference in pupillary size.
Like congenital ptosis, it may go unnoticed
until late childhood or adult life and then
thought to be a new finding. The size differ-
ence is constant at all levels of illumination
but may be greater in darkness. The absence
of other pupillary dysfunction or disturbed
ocular motility suggests essential anisocoria,
but old photographs are invaluable to confirm
the diagnosis.
Fixed, Dilated Pupil

Clinical Features. A fixed, dilated pupil is an
ominous sign in unconscious patients because
it suggests transtentorial herniation (see Chap-
ter 4). However, a dilated pupil that does not
respond to light or accommodation in a child
who is otherwise well and has no evidence of
ocular motor dysfunction or ptosis can result
only from the application of a pharmacologi-
cal agent or from a damaged iris sphincter.
The application may be accidental, as when
inadvertently wiping a drug or chemical from
the hand to the eye. Many cosmetics, particu-
larly hair sprays, contain chemicals that can
induce mydriasis. A careful history is essential
to diagnosis.

Factitious application of mydriatics is a
relatively common attention-seeking device,
and convincing parents that the problem is
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self-inflicted may be difficult. Occasionally, a
parent is the responsible party.

Diagnosis. Instill 1% pilocarpine in both eyes
using the normal eye as a control. Parasympa-
thetic denervation produces prompt constric-
tion. A slow or incomplete response indicates
pharmacological dilation.

Management. Pharmacologically induced mydri-
asis is often long lasting, but eventually resolves.
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Horner Syndrome

Horner syndrome results from sympathetic
denervation; it may be congenital or acquired.
When acquired, it may occur at birth as part of
a brachial plexus injury, during infancy from
neuroblastoma, or in childhood from tumors
or injuries affecting the superior cervical gan-
glion or the carotid artery.

Clinical Features. Unilateral Horner syndrome
consists of the following ipsilateral features:
mild to moderate ptosis (ptosis of the lower
lid in one third of cases); miosis, which is best
appreciated in dim light so that the normal
pupil dilates; anhidrosis of the face; hetero-
chromia; and apparent enophthalmos when
the syndrome is congenital.

Diagnosis. Disruption of the sympathetic sys-
tem, anywhere from the hypothalamus to the
eye, causes Horner syndrome. Brainstem distur-
bances from stroke are common in adults, but
peripheral lesions are more common in chil-
dren. Topical instillation of 1% hydroxyam-
phetamine usually produces pupillary dilation
after 30 minutes when postganglionic denerva-
tion is present. However, false-negative results
can occur during the first week after injury
(Donahue et al, 1996). A 10% cocaine solution
produces little or no dilation, regardless of the
site of abnormality.

Management. The treatment depends on the
underlying cause.
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Tonic Pupil Syndrome
(Adie Syndrome)

Clinical Features. The cause of tonic pupil syn-
drome is a defect in the orbital ciliary ganglion.
The onset usually occurs after childhood but
may occur as early as 5 years. Females are
affected more often than are males.
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The defect is usually monocular and mani-
fests as anisocoria or photophobia. The abnor-
mal pupil is slightly larger in bright light but
changes little, if at all, with alteration in illumi-
nation. In a dark room, the normal pupil dilates
and then is larger than is the tonic pupil. With
attempted accommodation, which may also be
affected, the pupil constricts slowly and incom-
pletely and redilates slowly afterward. Binocular
tonic pupils occur in children with dysautono-
mia and in association with diminished tendon
reflexes (Holmes-Adie syndrome).

Diagnosis. The tonic pupil is supersensitive to
parasympathomimetic agents; 0.125% pilocar-
pine achieves constriction.

Management. The condition is benign and sel-
dom needs treatment.
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Lower Brainstem and Cranial
Nerve Dysfunction
Disorders causing dysfunction of cranial
nerves VII to XII are discussed in this chapter.
Many such disorders also disturb ocular mo-
tility; they are discussed in Chapter 15. The
basis for chapter assignment is by the most
usual initial clinical feature. For example, the
discussion of myasthenia gravis appears in
Chapter 15 because diplopia is a more com-
mon initial complaint than dysphagia.

An acute isolated cranial neuropathy, such as
facial palsy, is usually a less ominous sign than
multiple cranial neuropathies and is likely
to have a self-limited course. However, an iso-
lated cranial neuropathy may be the first sign
of progressive cranial nerve dysfunction. There-
fore, the conditions causing isolated and mul-
tiple cranial neuropathies are discussed to-
gether because they may not be distinguishable
at onset.
FACIAL WEAKNESS
AND DYSPHAGIA

Anatomical Considerations

Facial Movement

The motor nucleus of the facial nerve is a col-
umn of cells in the ventrolateral tegmentum
of the pons. Nerve fibers leaving the nucleus
take a circuitous path in the brainstem before
emerging close to the pontomedullary junc-
tion. The fibers then enter the internal audi-
tory meatus with the acoustic nerve. Fibers
for voluntary and reflexive facial movements
separate rostral to the lower pons. After bend-
ing forward and downward around the inner
ear, the facial nerve traverses the temporal
bone in the facial canal and exits the skull
at the stylomastoid foramen. Extracranially,
the facial nerve passes into the parotid gland,
where it divides into several branches, which
innervate all muscles of facial expression
except the levator palpebrae superioris.

Sucking and Swallowing

The sucking reflex requires the integrity of the
trigeminal, facial, and hypoglossal nerves.
Stimulation of the lips produces coordinated
movements of the face, jaw, and tongue. The
automatic aspect of the reflex disappears after
infancy but returns in bilateral disease of the
cerebral hemispheres.

Fibers of the trigeminal and glossopharyn-
geal nerves ending in the nucleus solitarius
form the afferent arc of the swallowing reflex.
The motor roots of the trigeminal nerve, the
glossopharyngeal and vagus fibers from the
nucleus ambiguous, and the hypoglossal nerves
form the efferent arc. A swallowing center that
coordinates the reflex is located in the lower
pons and uppermedulla. A bolus of food stimu-
lates the pharyngeal wall or the back of the
tongue, and the combined action of the
tongue, palatine arches, soft palate, and phar-
ynx moves the food into the esophagus.
Approach to Diagnosis

The cause of facial muscle weakness may be
supranuclear palsy (pseudobulbar palsy), intrin-
sic brainstem disease, or disorders of the motor
unit: facial nerve, neuromuscular junction, and
facial muscles (Tables 17-1 and 17-2). The differ-
ential diagnosis of dysphagia is similar (Table
17-3), except that isolated dysfunction of the
nerves that enable swallowing is very uncommon.
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Table 17-1 Causes of Congenital Facial
Weakness

Aplasia of facial muscles
Birth injury
Congenital bilateral perisylvian syndrome
Congenital myotonic dystrophy (see Chapter 6)
Fiber-type disproportion myopathies (see Chapter 6)
Myasthenic syndromes
Congenital myasthenia (see Chapter 15)
Familial infantile myasthenia (see Chapter 6)
Transitory neonatal myasthenia (see Chapter 6)
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Pseudobulbar Palsy

Because the corticobulbar innervation of most
cranial nerves is bilateral, pseudobulbar palsy
occurs only when hemispheric disease is bilateral.
Many children with pseudobulbar palsy have a
progressive degenerative disorder of the gray or
white matter. Discussion of most of these disor-
ders is presented in Chapter 5 because dementia
is usually the initial feature. Bilateral strokes,
simultaneous or in sequence, cause pseudo-
bulbar palsy in children; the usual causes are
coagulation defects, leukemia, and trauma
(see Chapter 11). Pseudobulbar palsy is the main
feature of the congenital bilateral perisylvian syn-
drome, discussed in this chapter. Episodic pseu-
dobulbar palsy (oral apraxia, dysarthria, and
drooling)may indicate the acquired epileptiform
opercular syndrome (see Chapter 1).

The characteristic feature of pseudobulbar
palsy is an inability to use bulbar muscles in
voluntary effort, whereas reflex movements,
Table 17-2 Causes of Postnatal Facial Weakness

Autoimmune and postinfectious
Bell palsy
Idiopathic cranial polyneuropathy
Miller Fisher syndrome (see Chapter 10)
Myasthenia gravis (see Chapter 15)

Genetic
Congenital myasthenia (see Chapter 15)
Facioscapulohumeral syndrome (see Chapter 7)
Facioscapulohumeral syndrome, infantile form
Familial infantile myasthenia (see Chapter 6)
Fiber-type disproportion myopathies (see Chapter 6)
Juvenile progressive bulbar palsy (Fazio-Londe disease)
Melkersson syndrome
Muscular disorders
Myasthenic syndromes
Myotonic dystrophy (see Chapter 7)
Oculopharyngeal dystrophy
Osteopetrosis (Albers-Schönberg disease)
Recurrent facial palsy

Hypertension
Infectious
Diphtheria
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initiated at a brainstem level, are normal. Extra-
ocular motility is unaffected. The child can
suck, chew, and swallow, but cannot coordinate
these reflexes for eating; movement of a food
bolus from the front of the mouth to the back
has a volitional component. There are emo-
tionally derived facial expressions, but no vol-
untary facial movements. Severe dysarthria is
often present. Affected muscles do not show
atrophy or fasciculations. The gag reflex and
jaw jerk are usually exaggerated, and emotional
volatility is often an associated feature.

Newborns with familial dysautonomia have
difficulty feeding, despite normal sucking and
swallowing, because they fail to coordinate
the two reflexes (see Chapter 6). Table 6-7
summarizes the differential diagnosis of feed-
ing difficulty in an alert newborn. Children
with cerebral palsy often have a similar distur-
bance in the coordination of chewing and
swallowing that impairs feeding.

Motor Unit Disorders

Disorders of the facial nuclei and nerves
always cause ipsilateral facial weakness and
atrophy, but associated features vary with the
site of abnormality:

n Motor nucleus: Hyperacusis is present, but
taste, lacrimation, and salivation are normal.

n Facial nerve between the pons and the internal
auditory meatus: Taste sensation is spared,
but lacrimation and salivation are impaired
and hyperacusis is present.
Herpes zoster oticus
Infectious mononucleosis
Lyme disease (see Chapter 2)
Otitis media
Sarcoidosis
Tuberculosis

Metabolic disorders
Hyperparathyroidism
Hypothyroidism

Multiple sclerosis (see Chapter 10)
Syringobulbia
Toxins
Trauma
Delayed
Immediate

Tumor
Glioma of brainstem (see Chapter 15)
Histiocytosis X
Leukemia
Meningeal carcinoma
Neurofibromatosis



Table 17-4 Causes of Recurrent Cranial
Neuropathies and Palsies

Familial
Isolated facial palsy
Melkersson syndrome

Hypertensive facial palsy
Myasthenia gravis
Sporadic multiple cranial neuropathies
Toxins

Table 17-3 Neurological Causes
of Dysphagia

Autoimmune/Postinfectious

Dermatomyositis (see Chapter 7)
Guillain-Barré syndrome (see Chapter 7)
Idiopathic cranial polyneuropathy
Myasthenia gravis (see Chapter 15)
Transitory neonatal myasthenia gravis (see Chapter 6)

Congenital or Perinatal

Aplasia of brainstem nuclei
Cerebral palsy (see Chapter 5)
Chiari malformation (see Chapter 10)
Congenital bilateral perisylvian syndrome
Syringobulbia

Genetic

Degenerative disorders (see Chapter 5)
Familial dysautonomia (see Chapter 6)
Familial infantile myasthenia (see Chapter 6)
Fiber-type disproportion myopathies (see Chapter 6)
Myotonic dystrophy (see Chapters 6 and 7)
Oculopharyngeal dystrophy

Glioma of Brainstem

Infectious

Botulism (see Chapters 6 and 7)
Diphtheria
Poliomyelitis (see Chapter 7)

Juvenile Progressive Bulbar Palsy
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n Geniculate ganglion: Taste, lacrimation, and
salivation are impaired, and hyperacusis
is present.

n Facial nerve from the geniculate ganglion to the
stapedius nerve: Taste and salivation are
impaired and hyperacusis is present, but
lacrimation is normal.

n Facial nerve from the stapedius nerve to the
chorda tympani: Taste and salivation are
impaired, hyperacusis is not present, and
lacrimation is normal.

n Facial nerve below the exit of the chorda tym-
pani nerve: Only facial weakness is present.

Disturbances of cranial nerve nuclei seldom
occur in isolation; they are often associated
with other features of brainstem dysfunction
(bulbar palsy). Usually some combination of
dysarthria, dysphagia, and diplopia is present.
Examination may show strabismus, facial
diplegia, loss of the gag reflex, atrophy of bul-
bar muscles, and fasciculations of the tongue.

The facial weakness associated with myas-
thenia gravis and facial myopathies is usually
bilateral. In contrast, brainstem disorders usu-
ally begin on one side and eventually progress
to bilateral impairment. Facial nerve palsies are
usually unilateral. The differential diagnosis
of recurrent facial palsy or dysphagia is limited
to disorders of the facial nerve and neuromus-
cular junction (Table 17-4).
Congenital Syndromes

Congenital Bilateral Perisylvian
Syndrome

This syndrome results from a disturbance in
neuronal migration that results in pachygyria
of the sylvian and rolandic regions. Most cases
are sporadic. The transmission of familial
cases is by X-linked inheritance (Xq28); such
cases are more severe in males than in females
(Villard et al, 2002).

Clinical Features. All affected children have a
pseudobulbar palsy that causes failure of speech
development and dysphagia. Mental retardation
and seizures are present in approximately 85%
of cases. The retardation varies from mild to
severe, and the seizures, which begin between 4
and 12 years of age, may be atypical absence,
atonic/tonic, partial, or generalized tonic-clonic.

Diagnosis. Magnetic resonance imaging (MRI)
shows bilateral perisylvian gyral malformations,
pachygyria, and polymicrogyria (Fig. 17-1). Post-
mortem studies have confirmed the MRI
impression.

Management. The seizures are usually difficult
to control, and corpus callosotomy has been
useful in some cases with intractable drop
attacks. Speech therapy does not overcome
the speech disorder, and instruction in sign
language is the better alternative for children
of near-normal intelligence.

Congenital Dysphagia

Congenital dysphagia is usually associated with
infantile hypotonia and therefore is discussed
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Figure 17-1 MRI of congenital bilateral perisylvian
syndrome. This child has lissencephaly and schiz-
encephaly. Bilateral disturbances in the perisylvian
region caused a pseudobulbar palsy.
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in Chapter 6. Because the neuroanatomical
substrates of swallowing and breathing are
contiguous, congenital dysphagia and dyspnea
are often concurrent. Isolated aplasia of the
cranial nerve nuclei subserving swallowing is
not established.

Congenital Facial Asymmetry

The cause of most facial asymmetries at birth
is congenital aplasia of muscle and not trauma
to the facial nerve. Facial diplegia, whether
complete or incomplete, suggests Möbius syn-
drome or other congenital muscle aplasia.
Complete unilateral palsies are likely to be
traumatic in origin, whereas partial unilateral
palsies may be either traumatic or aplastic.
The term neonatal facial asymmetry is probably
more accurate than facial nerve palsy to
denote partial or complete unilateral facial
weakness in the newborn and emphasizes the
difficulty in differentiating traumatic nerve
palsies from congenital aplasias.

APLASIA OF FACIAL MUSCLES

Clinical Features. Möbius syndrome is the best
known congenital aplasia of facial nerve nuclei
and facial muscles. The site of pathology is
usually the facial nerve nuclei and their inter-
nuclear connections. Facial diplegia may
occur alone, with bilateral abducens palsies, or
with involvement of several cranial nerves
(Verzijl et al, 2003). Congenital malformations
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elsewhere in the body—dextrocardia, talipes
equinovarus, absent pectoral muscle, and limb
deformities—are sometimes associated features.
Most cases are sporadic, but familial recurrence
occurs. Autosomal dominant, autosomal reces-
sive, and X-linked recessive modes of inheritance
are proposed. Identified loci are on chromo-
somes 13, 3, and 10. Other developmental causes
of unilateral facial palsy are Goldenhar syndrome,
the Poland anomaly, DiGeorge syndrome, osteopetro-
sis, and trisomies 13 and 18.

Diagnosis. Congenital facial diplegia is by defini-
tion Möbius syndrome. All such cases require
MRI of the brain to determine whether other
cerebral malformations are present. Causes
other than primarymalformations include intra-
uterine toxins (e.g., thalidomide), vascular mal-
formations, and infarction.

Electromyography can help determine the
timing of injury. Denervation potentials are
only present if injury to the facial nuclei or
nerve occurred 2 to 6 weeks before the study.
Facial muscles that are aplastic, as in Möbius
syndrome, or nerve injury occurring early in
gestation does not show active denervation.

Management. Surgical procedures may provide
partial facial movement.

DEPRESSOR ANGULI ORIS MUSCLE
APLASIA

Clinical Features. Isolated unilateral weakness of
the depressor anguli oris muscle (DAOM) is the
most common cause of facial asymmetry at birth.
One corner of the mouth fails to move down-
ward when the child cries. All other facial move-
ments are symmetrical. The lower lip on the
paralyzed side feels thinner to palpation, even
at birth, suggesting antepartum hypoplasia.

Diagnosis. Traumatic lesions of the facial nerve
would not selectively injure nerve fibers to the
DAOM and spare all other facial muscles. Elec-
trodiagnostic studies aid in differentiating apla-
sia of the DAOM from traumatic injury. In
aplasia, the conduction velocity and latency of
the facial nerve are normal. Fibrillations are
not present at the site of the DAOM. Instead,
motor unit potentials are absent or decreased
in number.

Management. No treatment is available or neces-
sary. The DAOM is not a significant component
of facial expression in older children and
adults, and absence of the muscle is difficult to
notice.
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BIRTH INJURY

Perinatal traumatic facial palsy is a disorder of
large term newborns delivered vaginally after a
prolonged labor. Nerve compression against
the sacrum during labor is more often the
cause than is the misapplication of forceps.
Children with forceps injuries, an unusual
event, have forceps marks on the cheeks.

Clinical Features. The clinical expression of com-
plete unilateral facial palsy in the newborn can be
subtle andmaynot be apparent immediately after
birth. Failure of eye closure on the affected side is
the first noticeable evidence of weakness. Only
when the child cries does flaccid paralysis of all
facial muscles become obvious. The eyeball rolls
up behind the open lid, the nasolabial fold
remains flat, and the corner of themouth droops
during crying. Thenormal side appears paralyzed
because it pulls and distorts the face; the para-
lyzed side appears to be normal. When paralysis
of the facial nerve is partial, the orbicularis oculi
is the muscle most frequently spared. In these
injuries, the compression site is usually over the
parotid gland, with sparing of nerve fibers that
course upward just after leaving the stylomastoid
foramen.

Diagnosis. The diagnosis of facial asymmetry is
by observing the face of the crying newborn.
Carefully examine the facial skin for laceration.
Otoscopic examination is useful to establish the
presence of hemotympanum. Electromyogra-
phy does not alter the management of the palsy.

Management. Prospective studies regarding the
natural outcome of perinatal facial nerve
injuries are not available. Most authors are opti-
mistic and indicate a high rate of spontaneous
recovery. Such optimism may be appropriate,
but its basis is only anecdotal experience. In the
absence of data on long-term outcome, one can-
not evaluate the efficacy of any suggested thera-
peutic intervention. Most newborns are not
candidates for surgical intervention unless the
nerve laceration occurs at delivery. In that event,
the best response is to reconstitute the nerve if
possible or at least to allow the proximal stump
a clear pathway toward regeneration by débride-
ment of the wound.
Immune-Mediated and Infectious
Disorders

Postinfectious demyelination of cranial nerve
VII is the cause of most cases of acute unilateral
facial neuritis (Bell palsy) or bilateral facial
neuritis. The basis for distinguishing a bilateral
Bell palsy from Guillain-Barré syndrome (acute
inflammatory demyelinating polyneuropathy)
is the preservation of limb tendon reflexes
in Bell palsy. Discussion of Guillain-Barré syn-
drome appears in Chapter 7.
Bell Palsy

Bell palsy is an acute idiopathic paralysis of the
face caused by dysfunction of the facial nerve.
The pathogenesis is believed to be viral (most
often herpes simplex), but may also be postviral
immune-mediated demyelination. The annual
incidence is approximately 3 in 100,000 in the
first decade, 10 in 100,000 in the second dec-
ade, and 25 in 100,000 in adults. Only 1% of
patients show clinical evidence of bilateral
involvement, but many have electrophysiologi-
cal abnormalities on the unaffected side.

Clinical Features. A history of viral infection,
usually upper respiratory, is reported in many
cases, but the frequency is not significantly
greater than expected by chance. The initial fea-
ture of neuritis is often pain or tingling in the ear
canal ipsilateral to the subsequent facial palsy.
Sensory symptoms, when present, are usually
mild and do not demand medical attention.
The palsy has an explosive onset and becomes
maximal within hours. Either the child or the
parents may first notice the palsy, which affects
all muscles on one side of the face. Half of the
face sags, enlarging the palpebral fissure. Weak-
ness of the levator palpebrae muscle prevents
closure of the lid. Efforts to use muscles of
expression cause the face to pull to the normal
side. Eating and drinking become difficult, and
the dribbling of liquids from the weak corner
of the mouth causes embarrassment.

The most commonly affected portion of the
nerve is within the temporal bone; taste, lacri-
mation, and salivation are impaired, and hyper-
acusis is present. However, examination of all
facial nerve functions in small children is diffi-
cult, and precise localization is not critical to
the diagnosis or prognosis. The muscles remain
weak for 2 to 4 weeks, and then strength
returns spontaneously. The natural history of
Bell palsy in children is not established, but
experience indicates that almost all patients
recover completely.

Diagnosis. Complete neurological examina-
tion is required in every child with acute uni-
lateral facial weakness to determine whether
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the palsy is an isolated abnormality. Mild facial
weakness on the other side or the absence of
tendon reflexes in the limbs suggests the possi-
bility of Guillain-Barré syndrome. Such chil-
dren require observation for the development
of progressive limb weakness.

Exclude possible underlying causes (e.g.,
hypertension, infection, trauma) of facial nerve
palsy before considering the diagnosis of
Bell palsy. Examine the ear ipsilateral to the
facial palsy for herpetic lesions (see the later
discussion of herpes zoster oticus). MRI shows
contrast enhancement of the involved nerve,
but acute, isolated facial palsy is not an indica-
tion for MRI in every child. A more reasonable
approach is to watch the child and recommend
an imaging study if other neurological distur-
bances develop or if the palsy does not begin
to resolve within 1 month.

Management. Always protect the cornea if the
blink reflex is absent. Patch the eye when the
child is outside the home or at play, and apply
artificial tears several times a day to keep the
cornea moist. The use of corticosteroids, advo-
cated in adults, has no scientific basis in chil-
dren because their prognosis for complete
spontaneous recovery is excellent. The clini-
cian who elects to use corticosteroid therapy
must first exclude hypertension or infection
as an underlying cause.

Idiopathic Cranial Polyneuropathy

As the name implies, idiopathic cranial neuropa-
thy is of uncertain nosology. The presumed
mechanism is postinfectious, andmany consider
the syndrome an abortive form of Guillain-Barré
syndrome.

Clinical Features. Onset is usually in adults,
and most childhood cases occur in adoles-
cence. Similar cases described infants who
subsequently developed limb weakness, and
infantile botulism was the more likely diagno-
sis (see Chapter 6).

Constant, aching facial pain usually pre-
cedes weakness by hours or days. The pain is
often localized to the temple or frontal region,
but can be anywhere in the face. Weakness
may develop within 1 day or may evolve over
several weeks. Extraocular motility is usually
affected. Facial and trigeminal nerve distur-
bances occur in half of cases, but lower cranial
nerve involvement is uncommon. Occasional
patients have transitory visual disturbances,
ptosis, pupillary abnormalities, and tinnitus.
Tendon reflexes in the limbs remain active.
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Recurrent idiopathic cranial neuropathies
occur as sporadic cases in adults, but usually
occur on a familial basis in children.

Diagnosis. The differential diagnosis includes
Guillain-Barré syndrome, infant and child-
hood forms of botulism, brainstem glioma,
juvenile progressive bulbar palsy, pontobulbar
palsy with deafness, and Tolosa-Hunt syn-
drome. Preservation of tendon reflexes in idio-
pathic cranial polyneuropathy is the main
feature distinguishing it from Guillain-Barré
syndrome. Prominent autonomic dysfunction
and limb weakness distinguish botulism
from idiopathic cranial polyneuropathy (see
Chapters 6 and 7). Cranial nerve dysfunction
in patients with brainstem glioma, juvenile
progressive bulbar palsy, and pontobulbar
palsy with deafness usually evolves over a
longer period. Tolosa-Hunt syndrome of pain-
ful ophthalmoplegia and idiopathic cranial
polyneuropathy shares many features and may
be a variant of the same disease process (see
Chapter 15).

All laboratory findings are normal. The pos-
sibility of a brainstem glioma requires MRI of
the brainstem in all cases. Examination of
the cerebrospinal fluid occasionally reveals a
slightly increased protein concentration and
a lymphocyte count of 5 to 6/mm3.

Management. The disease is self-limited, and
full recovery is the expected outcome 2 to 4
months after onset. The use of corticosteroids
is routine and believed to ease facial pain and
shorten the course. The relief of pain may be
dramatic, but evidence documenting a short-
ened course is lacking.
Genetic Disorders

Facioscapulohumeral Syndrome

Facioscapulohumeral syndrome (see Chapter 7)
sometimes begins during infancy as facial diple-
gia. Transmission of all forms of the disease is
by autosomal dominant inheritance.The respon-
sible gene maps to chromosome 4q35 in many,
but not all, families.

Clinical Features. The onset of infantile facio-
scapulohumeral syndrome usually occurs dur-
ing infancy and no later than age 5. Facial
diplegia is the initial feature. When onset is
early in infancy, the common misdiagnosis is
congenital aplasia of facial muscles. Later,
nasal speech and sometimes ptosis develop.
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Progressive proximal weakness begins 1 to 2
years after onset, first affecting the shoulders
and then the pelvis. Pseudohypertrophy of
the calves may be present. Tendon reflexes
are depressed and then absent in weak mus-
cles. Progression of weakness is often rapid
and unrelenting, leading to disability and
death from respiratory insufficiency before
age 20. Typical features are a striking asymme-
try of muscle involvement from side to side
and sparing of bulbar extraocular and respira-
tory muscles (Tawil et al, 1998). The weakness
may also stabilize for long intervals and not
cause severe disability until adult life.

Retinal telangiectasia and high-frequency
hearing loss occur in approximately half of
affected families (Padberg et al, 1995). Both
conditions are progressive and may not be
symptomatic in early childhood.

Diagnosis. The diagnosis of facioscapulohum-
eral syndrome is suspected in every child with
progressive facial diplegia. A family history of
facioscapulohumeral syndrome is not always
obtainable because the affected parent may
show only minimal expression of the pheno-
type. Molecular-based testing is reliable for
diagnosis.

Myasthenia gravis and brainstem glioma are
a consideration in infants with progressive
facial diplegia. The serum creatine kinase con-
centration is helpful in differentiating these
disorders. It is usually increased in infantile
facioscapulohumeral syndrome and is normal
in myasthenia gravis and brainstem glioma.
Electrophysiological studies show brief, low-
amplitude polyphasic potentials in weak mus-
cles and a normal response to repetitive nerve
stimulation.

Management. Treatment is supportive.

Juvenile Progressive Bulbar Palsy

Juvenile progressive bulbar palsy, also known
as Fazio-Londe disease, is a motor neuron dis-
ease limited to bulbar muscles. Most cases are
sporadic; autosomal recessive inheritance is
the suspected means of transmission, but a
rare autosomal dominant subtype may occur.

Clinical Features. Age at onset separates two
clinical patterns. Stridor is the initial feature
in early-onset cases (ages 1–5 years). Progres-
sive bulbar palsy follows, and respiratory com-
promise causes death within 2 years of onset.
Respiratory symptoms are less common in
later-onset cases (ages 6–20 years). The initial
feature may be facial weakness, dysphagia, or
dysarthria. Eventually, the disorder affects all
lower motor cranial nerve nuclei except the
ocular motor nerve nuclei. Some children
show fasciculations and atrophy of the arms,
but limb strength and tendon reflexes usually
remain strong despite severe bulbar palsy.

Diagnosis. The major diagnostic considerations
are myasthenia gravis and brainstem glioma.
MRI of the brainstem excludes brainstem
tumors. Electromyography is useful to show
active denervation of facial muscles, with sparing
of the limbs and normal repetitive stimulation of
nerves. Children with rapidly progressive motor
neuron disease affecting the face and limbs may
represent a childhood form of amyotrophic lat-
eral sclerosis.

Pontobulbar palsy with deafness (Brown-
Vialetto-Van Laere syndrome), a distinct disorder
with phenotypic overlap, is characterized by
mixed upper and lower motor neuron bulbar
palsies and deafness (Dipti et al, 2005).

Management. The disorder is often devastat-
ing. A previously normal child is no longer
able to speak intelligibly or swallow. Feeding
gastrostomy and a communication device are
soon required. The child needs considerable
psychological support. Treatment is not avail-
able for the underlying disease.

Oculopharyngeal Muscular Dystrophy

Autosomal dominant inheritance is the usual
means of genetic transmission. The incidence
is highest in families of French Canadian
descent, but the disorder is not restricted
to any ethnic group. Mitochondrial myopa-
thies account for cases with similar features
that are not transmitted by autosomal domi-
nant inheritance.

Clinical Features. Onset is usually in the fourth
decade, but may be as early as adolescence.
The initial features are ptosis and dysphagia,
followed by proximal weakness in the legs
and external ophthalmoplegia. Eventually the
disease affects all skeletal muscle, but spares
smooth and cardiac muscle.

Many patients with oculopharyngeal muscu-
lar dystrophy also have electromyographic or
biopsy evidence of denervation in the limbs.
The neurogenic features may be attributable
to neuronopathy rather than neuropathy, sug-
gesting that this disorder is actually a spinal
(bulbar) muscular atrophy.
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Diagnosis. Definitive diagnosis relies on DNA
testing. Muscle biopsy reveals a random varia-
tion in the size of the fibers, necrotic fibers,
some fibrosis, and occasional internal nuclei.
Autophagic vacuoles (rimmed vacuoles) and
intranuclear fibrillary inclusion bodies are fea-
tures common to oculopharyngeal muscular
dystrophy, inclusion body myositis, and several
hereditary distal myopathies/dystrophies. The
presence of ragged-red fibers on histological
examination of muscle indicates an underly-
ing mitochondrial myopathy.

Management. The goal of therapy is symptom
relief. Dietary changes help early dysphagia,
but gastrostomy is eventually required. Levator
palpebral shortening may correct ptosis.

Osteopetrosis
(Albers-Schönberg Disease)

The term osteopetrosis encompasses at least three
hereditary skeletal disorders of increased bone
density. Transmission of the most common form
is by autosomal recessive inheritance (chromo-
some 11q). The features are macrocephaly,
progressive deafness and blindness, hepato-
splenomegaly, and severe anemia beginning in
fetal life or early infancy. The calvarium thickens,
and cranial nerves are compressed and compro-
mised as they pass through the bone. The thick-
ened calvarium may also impair venous return
and cause increased intracranial pressure.

The main clinical features of the dominant
form (1p) are fractures and osteomyelitis,
especially of the mandible. Treatment with
high-dose calcitrol reduces the sclerosis and
prevents many neurological complications.

Melkersson Syndrome

Seven percent of facial palsies are recurrent.
Autosomal dominant inheritance with variable
expression is the suspectedmeansof transmission
in many cases. Some kindred members may have
only recurrent facial nerve palsy, whereas others
have recurrent neuropathies of the facial and
ocular motor nerves. Melkersson syndrome may
be genetically distinct from other recurrent facial
palsies with a gene locus at chromosome 9p11.

Clinical Features. Melkersson syndrome is a
rare disorder characterized by the triad of
recurrent facial palsy, lingua plicata, and facial
edema. Attacks of facial palsy usually begin in
the second decade, but the deeply furrowed
tongue is present from birth.
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The first attack of facial weakness is indistin-
guishable from Bell palsy except that a
migraine-like headache may precede the
attack. Subsequent attacks are associated with
eyelid edema, which is soft, painless, noner-
ythematous, and nonpruritic. The edema is
most often asymmetrical, involving only the
upper lip on the paralyzed side, but it may
affect the cheek and eyelid of one or both
sides. Cold weather or emotional stress
may precipitate an attack of facial swelling.
Lingua plicata is present in 30% to 50% of
cases. Furrowing and deep grooving on the
dorsal surface of the tongue are perma-
nent from birth. This transmission of this
feature is by autosomal dominant inheritance,
but occurs as an isolated finding in some
families.

Diagnosis. The diagnosis of Melkersson syn-
drome is established when two features of the
triad are present. It is a consideration in any
child with a personal or family history of recur-
rent facial palsy or recurrent facial edema.
The presence of lingua plicata in any member
of the kindred confirms the diagnosis. Histo-
pathology of the affected eyelid reveals granu-
lomatous lymphangitis unique to the disease
(Cockerham et al, 2000).

Management. This disease has no established
treatment.
Hypertension

Unilateral facial palsy may be a feature of
malignant hypertension in children. The cause
of the palsy is swelling and hemorrhage into
the facial canal.

Clinical Features. The course of the facial
paralysis is indistinguishable from that of Bell
palsy. Nerve compression occurs in its proxi-
mal segment, impairing lacrimation, saliva-
tion, and taste. The onset coincides with an
increase in blood pressure to greater than
120 mm Hg, and recovery begins when the
pressure decreases. The duration of palsy var-
ies from days to weeks. Recurrences are asso-
ciated with repeated episodes of hypertension.

Diagnosis. The occurrence of facial palsy in a
child with known hypertension suggests that
the hypertension is out of control.

Management. Control of hypertension is the
only effective treatment.



Chapter 17 Lower Brainstem and Cranial Nerve Dysfunction
Infection

The facial nerve is sometimes involved when
bacterial infection spreads from the middle
ear to the mastoid. External otitis may lead
to facial nerve involvement by the spread of
infection from the tympanic membrane to the
chorda tympani.

Diphtheria may cause single or multiple
cranial neuropathies from a direct effect of
its toxin. Facial palsy, dysarthria, and dyspha-
gia are potential complications. Basilar menin-
gitis, from tuberculosis or other bacterial infec-
tions, causes inflammation of cranial nerves as
they leave the brain and enter the skull. Multiple
and bilateral cranial nerve involvement is usually
progressive.

Herpes Zoster Oticus
(Ramsay Hunt Syndrome)

Herpes zoster infection of the geniculate gan-
glion causes herpes zoster oticus.

Clinical Features. The initial feature is pain in
and behind the ear. This pain is often more
severe and persistent than that expected with
other causes of Bell palsy. Unilateral facial palsy,
indistinguishable fromBell palsy by appearance,
follows. However, examination of the ipsilateral
ear, especially in the fossa of the helix and
behind the lobule, shows a vesicular eruption
characteristic of herpes zoster. Hearing loss
occurs in 25% of cases.

Diagnosis. The only historical feature distin-
guishing herpes zoster oticus from Bell palsy
is the severity of ear pain. Examination of the
ear for vesicles is critical to the diagnosis.

Management. Herpes zoster infections are usu-
ally self-limited but painful. A combination of
oral acyclovir, 800 mg five times daily for 7 days,
and oral prednisone, 1 mg/kg for 5 days and
then tapered, improves the outcome for facial
nerve function in those 15 years and older
(Murakami et al, 1997). Complete recovery
occurs in 75% of those treated within 7 days of
onset and in 30% when treated after 7 days.
The varicella vaccine may decrease the inci-
dence of new cases and the severity of symptoms
(Hato et al, 2000).
Sarcoidosis

The most common neurological complication
of sarcoidosis is cranial nerve dysfunction.
Basilar granulomatous meningitis is the usual
cause, but the facial nerve may also be
involved when parotitis is present.

Clinical Features. Onset is usually in the third
decade, but may be as early as adolescence.
Neurological complications occur in only 5%
of patients with sarcoidosis, but, when present,
they are often an early feature of the disease.
Facial nerve palsy, unilateral or bilateral, is the
singlemost common feature. Visual impairment
or deafness is next in frequency. Single cranial
neuropathies are present in 73% and multiple
cranial neuropathies in 58%. Any cranial nerve
except the accessory nerve may be involved.
Systemic features of sarcoidosis occur in almost
every case: intrathoracic involvement is pres-
ent in 81% and ocular involvement in 50%.
Uveoparotitis is an uncommon manifestation
of sarcoidosis. The patient ordinarily comes
to medical attention because of visual impair-
ment and a painful eye. The mouth is dry
and the parotid gland is swollen. Facial nerve
compression and palsy are present in 40% of
cases.

Diagnosis. Sarcoidosis is a consideration in any
patient with single or multiple cranial neu-
ropathies. Documentation of multisystem dis-
ease confirms the diagnosis. Radiographs of
the chest either establish or are compatible
with the diagnosis in almost all patients with
neurological manifestations.

Increased serum concentrations of serum
angiotensin-converting enzyme are detectable
in 75% of patients with active pulmonary dis-
ease, and patients with neurosarcoidosis may
have increased cerebrospinal fluid concentra-
tions of angiotensin-converting enzyme. Biopsy
of lymph nodes or other affected tissues pro-
vides histological confirmation.

Management. Prednisone therapy, 0.5 to 1 mg/
kg/day, is maintained until a clinical response
is evident and then slowly tapered at a rate that
prevents relapse. The prognosis for neurological
complications of sarcoidosis is good without
treatment, but corticosteroids seem to hasten
recovery.
Metabolic Disorders

Hyperparathyroidism

The most common neurological features of
primary hyperparathyroidism are headache
and confusion (see Chapter 2). Occasionally,
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hyperparathyroidism is associated with a syn-
drome that is similar to amyotrophic lateral
sclerosis and includes ataxia and internuclear
ophthalmoplegia. Dysarthria and dysphagia
are prominent features.

Hypothyroidism

Cranial nerve abnormalities are unusual in
hypothyroidism. Deafness is the most common
feature, but acute facial nerve palsy resem-
bling Bell palsy also occurs.
Syringobulbia

Syringobulbia is usually the medullary exten-
sion of a cervical syrinx (see Chapter 12) but
may also originate in the medulla. The syrinx
usually involves the nucleus ambiguous and
the spinal tract and motor nucleus of the tri-
geminal nerve. Symptoms, in order of fre-
quency, are headache, vertigo, dysarthria,
facial paresthesias, dysphagia, diplopia, tinni-
tus, and palatal palsy.
Toxins

Most neurotoxins produce either diffuse
encephalopathy or peripheral neuropathy.
Only ethylene glycol, trichloroethylene, and
chlorocresol exposures cause selective cranial
nerve toxicity. Ethylene glycol is antifreeze.
Ingestion causes facial diplegia, hearing
impairment, and dysphagia. Trichloroethylene
intoxication can cause multiple cranial neu-
ropathies but has a predilection for the trigem-
inal nerve. It was once a treatment for tic
douloureux. Chlorocresol, a compound used
in the industrial production of heparin,
caused recurrent unilateral facial palsy in one
exposed worker. Inhalation of the compound
caused tingling of one side of the face fol-
lowed by weakness of the muscles. The neuro-
logical disturbance was brief, relieved by
exposure to fresh air, and could be repro-
duced experimentally.
Trauma

Facial palsy after closed head injury is usually
associated with bleeding from the ear and frac-
ture of the petrous bone.

Clinical Features. The onset of palsy may be
immediate or delayed for as long as 3 weeks
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after injury. In most cases, the interval is
between 2 and 7 days. The mechanism of
delay is unknown.

Diagnosis. Electrophysiological studies aid in
the prognosis. If the nerve is intact but shows
a conduction block, recovery usually begins
within 5 days and is complete. Most patients
with partial denervation recover full facial
movement, but have evidence of aberrant rein-
nervation. Full recovery is not an expected
outcome when denervation is complete.

Management. The management of traumatic
facial palsy is controversial. Some authors have
recommended surgical decompression and
corticosteroids, but no evidence supporting
either mode of therapy is available.
Tumors

Tumors of the facial nerve are rare in children.
The major neoplastic cause of facial palsy is
brainstem glioma (see Chapter 15), followed
by tumors that infiltrate the meninges, such as
leukemia, meningeal carcinoma, and histiocy-
tosis X. Acoustic neuromas are unusual in
childhood and are limited to children with
neurofibromatosis type 2. These neuromas
cause hearing impairment before facial palsy
and are discussed in the next section.
HEARING IMPAIRMENT
AND DEAFNESS

Anatomical Considerations

Sound, mechanically funneled through the
external auditory canal, causes the tympanic
membrane to vibrate. Ossicles transmit the
vibrations to the oval window of the cochlea,
the sensory organ of hearing. The middle ear
comprises the air-filled space extending from
the tympanic membrane to the cochlea. The
membranous labyrinth within the osseous lab-
yrinth is the principal structure of the inner
ear. It contains the cochlea, the semicircular
canals, and the vestibule. The semicircular
canals and vestibule are the sensory organs of
vestibular function. The cochlea consists of
three fluid-filled canals wound into a snail-like
configuration.

The organ of Corti is the transducer within
the cochlea that converts mechanical energy
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to electrical energy. The auditory portion of
the eighth cranial nerve transmits impulses to
the ipsilateral cochlear nuclei of the medulla.
The transmission of information from the
cochlear nuclei on each side is to both supe-
rior olivary nuclei, causing bilateral represen-
tation of hearing throughout the remainder
of the central pathways. From the superior oli-
vary nuclei, transmission is by the lateral lem-
niscus to the inferior colliculus. Further
cross-connections occur in collicular synapses.
Rostrally directed fibers from the inferior colli-
culi ascend to the medial geniculate and audi-
tory cortex of the temporal lobe.
Symptoms of Auditory Dysfunction

The major symptoms of disturbance in the
auditory pathways are hearing impairment,
tinnitus, and hyperacusis. The characteristic
feature of hearing impairment in infants is
failure to develop speech (see Chapter 5)
and in older children, inattentiveness and poor
school performance. Fifty percent of infants
use words with meaning by 12 months and
join words into sentences by 24 months. Failure
to accomplish these tasks by 21 months and
3 years, respectively, is always abnormal. A
hearing loss of 25 to 30 dB is sufficient to inter-
fere with normal acquisition of speech.

Hearing Impairment

Hearing impairment is classified as conduc-
tive, sensorineural (perceptive), or central.
The cause of conductive hearing impairment
is a disturbance in the external or middle
ear. Faithful delivery of the mechanical vibra-
tions that make up the sensory input of
hearing to the inner ear does not occur
because the external canal is blocked or the
tympanic membrane or ossicles are abnormal.
The major defect in conductive hearing loss is
sound amplification. Patients with conductive
hearing impairment are better able to hear
loud speech in a noisy background than soft
speech in a quiet background. Tinnitus may
be associated.

Sensorineural hearing impairment may be
congenital or acquired, and a disturbance of
the cochlea or auditory nerve is the cause.
The frequency content of sound is improperly
analyzed and transduced. High frequencies
may be selectively lost. Individuals with senso-
rineural hearing impairment have difficulty
discriminating speech when there is back-
ground noise. Central hearing impairment
results from disturbance of the cochlear nuclei
or their projections to the cortex. Brainstem
lesions usually cause bilateral hearing im-
pairment. Cortical lesions lead to difficulty in
processing information. Pure-tone audiome-
try is normal, but background noise or compet-
ing messages impair speech discrimination.
Approximately one third of childhood deaf-
ness is genetic, one third is acquired, and one
third is idiopathic. Many of the idiopathic cases
are probably genetic as well.

Tinnitus

Tinnitus is the illusion of noise in the ear. The
noise is usually high-pitched and constant. In
most cases, the cause of tinnitus is a distur-
bance of the auditory nerve, but it may also
occur as a simple partial seizure originating
from the primary auditory cortex. Sounds gen-
erated by the cardiovascular system (heartbeat
and bruit) are sometimes audible, especially
while a person is lying down, but should not
be confused with tinnitus.

Hyperacusis

The cause of hyperacusis is failure of the stape-
dius muscle to dampen sound by its effect on
the ossicles. This occurs with damage to the
chorda tympani branch of the facial nerve
(see “Bell Palsy”).
Tests of Hearing

Office Testing

Hearing assessment in the office is satisfactory
for severe hearing impairment but is unsatis-
factory for detecting loss of specific frequency
bands. The speech and hearing handi-
cap generated by a high-frequency hearing
impairment should not be underestimated.
When testing an infant, the physician should
stand behind the patient and provide interest-
ing sounds to each ear. Items such as bells,
chimes, rattles, and a tuning fork are useful
for that purpose. Dropping a large object
and watching the infant and parents startle
from the noise is not a test of hearing. Once
the infant sees the source of the interesting
sound or hears it several times, interest is lost.
Therefore, the use of different high- and low-
frequency sounds is required for each ear.
The normal responses of the infant are to
become alert and to attempt to localize the
source of the sound.
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In older children, observing their response
to spoken words at different intensities and
to tuning forks, which provide pure tones of
different frequencies, tests hearing. The Rinne
test compares air conduction (conductive plus
sensorineural hearing) with bone conduction
(sensorineural hearing). Hold a tuning fork
against the mastoid process until the sound
fades and then hold it 1 inch from the ear.
Normal children hear the vibration produced
by air conduction twice as long as that pro-
duced by bone conduction. Impaired air con-
duction with normal bone conduction indi-
cates a conductive hearing loss.

The Weber test compares bone conduction in
the ears. Localization of the signals transmit-
ted by bone conduction is to the better
hearing ear or the ear with the greater con-
ductive deficit. With a tuning fork placed at
the center of the forehead, inquire whether
the perception of sound is equal in both ears.
A normal response is to hear the sound in the
center of the head. If bone conduction is nor-
mal in both ears, sound localization is to the
ear with impaired air conduction because
the normal blocking response of air conduc-
tion is lacking. If a sensorineural hearing
impairment is present in one ear, the percep-
tion of bone conduction is in the good ear.
Otoscopic examination is imperative in every
child with hearing problems or tinnitus. The
cause seen through the speculum may be
impacted wax, otitis media, perforated tym-
panic membrane, or cholesteatoma.
Specialized Testing

The usual battery of auditory tests includes
pure-tone air and bone conduction testing
and measures of speech threshold and word
discrimination.
PURE TONE AUDIOMETRY

With selected frequencies presented by ear-
phones (air conduction) or a vibrator applied
to the mastoid (bone conduction), the mini-
mum level perceived for each frequency is
determined. International standards define
the normal hearing levels. The test can be
performed adequately only in children old
enough to cooperate. With conductive hearing
impairment, air conduction is abnormal and
bone conduction is normal; with sensorineural
hearing impairment, both are abnormal; and
with central hearing impairment, both are
normal.
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SPEECH TESTS

The speech reception threshold measures the
intensity at which a subject can repeat 50%
of presented words. The speech discrimina-
tion test measures the subject’s ability to
understand speech at normal conversational
levels. Both tests are abnormal out of propor-
tion to pure-tone loss with auditory nerve dis-
ease, abnormal in proportion to pure-tone
loss with cochlear disease, and normal with
conductive and central hearing loss.

SPECIAL TESTS

Cochlear lesions may cause diplacusis and
recruitment. Auditory nerve lesions produce
tone decay. Diplacusis is a distortion of pure
tones so that the subject perceives a mixture
of tones. With recruitment, the sensation of
loudness increases at an abnormally rapid rate
as the intensity of sound is increased. Tone
decay is diminished perception of a supra-
threshold tone with time.

Brainstem Auditory Evoked Response

The brainstem auditory evoked response is a
useful test of hearing and the integrity of the
brainstem auditory pathways in infants and
small children. No cooperation is required,
and sedation improves the accuracy of results.

When each ear is stimulated with repetitive
clicks, an electrode over the ipsilateral mastoid
referenced to the forehead records five waves.
Wave I is generated by the acoustic nerve, wave
II by the cochlear nerve, wave III by the supe-
rior olivary complex, wave IV by the lateral lem-
niscus, and wave V by the inferior colliculus.
The brainstem auditory evoked response first
appears at a conceptional age of 26 to 27 weeks.
The absolute latencies of waves I and V and the
V-I interpeak interval decline progressively with
advancing conceptional age. The latency of
wave V bears an inverse relationship to the
intensity of the stimulus and tests hearing.

An initial test uses a stimulus intensity of 70
dB. Failure to produce wave V indicates a
hearing impairment. Repeated tests at higher
intensities find the response threshold. If
wave V is present, the repeated tests at sequen-
tial reductions of 10 dB establish the lowest
intensity capable of producing wave V, the
hearing threshold. Because the latency of wave
V is proportional to the intensity of the stimu-
lus, a latency-intensity curve is drawn. In nor-
mal newborns, the latency of wave V will
decrease by 0.24 to 0.44 msec for each 10 dB
in sound intensity between 70 and 110 dB.
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In children with conductive hearing impair-
ment, prolonged time is required to transmit
sound across the middle ear and activate the
cochlea. This decreases the total amount of
sound energy, prolongs the latency of wave I,
and shifts the latency-intensity curve of wave
V to the right. The amount of shift is equivalent
to the hearing impairment, without altering the
slope of the curve.

In children with sensorineural hearing im-
pairment, the latency-intensity curve of wave V
shifts to the right because of the hearing
impairment. In addition, the slope of the curve
becomes steeper, exceeding 0.55 msec/dB.
Congenital Deafness

The diagnosis of congenital deafness in new-
borns is rarely entertained in the absence of
an external ear deformity or a family history
of genetic hearing loss. Congenital ear malfor-
mations are present in approximately 2% of
newborns with congenital deafness. Genetic
factors account for one third of all congenital
deafness and half of profound deafness. There
are between 1 in 2000 (0.05%) and 1 in 1000
(0.1%) children who are born with profound
hearing loss; one half of prelingual deafness
is genetic, most often autosomal recessive
and nonsyndromic. Mutations in the genes
that encode the proteins connexin 26 and
30 account for half of autosomal recessive
nonsyndromic hearing loss. The carrier rate
is 3 in 100. Only a small percentage of prelin-
gual deafness is syndromic or autosomal dom-
inant nonsyndromic (Smith et al, 2003).

Aplasia of Inner Ear

Inner ear aplasia is always associated with audi-
tory nerve abnormalities. The three main types
are the Michel defect, complete absence of the
otic capsule and eighth cranial nerve; the Mon-
dini defect, incomplete development of the
bony and membranous labyrinths and dysgen-
esis of the spiral ganglion; and the Scheibe
defect, dysplasia of the membranous labyrinth
and atrophy of the eighth cranial nerve.

Chromosome Disorders

Hearing impairment is relatively uncommon in
children with chromosomal disorders. Abnor-
malities of chromosome 18 are often associated
with profound sensorineural hearing loss and
malformations of the external ear.
Genetic Disorders

Several hundred gene abnormalities are asso-
ciated with hereditary hearing loss and deaf-
ness. The hearing loss may be conductive,
sensorineural, or mixed. Some cases are con-
genital, and some develop later in childhood.

INFANTILE REFSUM DISEASE

Infantile Refsum disease is part of the Zell-
weger spectrumdisorders of peroxisome biogen-
esis. It differs from later-onset Refsum disease
(seeChapter 7), a single-enzymeperoxisomal dis-
order. The gene locus is on chromosome 7q21-
q22, and the disorder is transmitted by auto-
somal recessive inheritance (Steinberg et al,
2003).

Clinical Features. Features include early onset,
mental retardation, minor facial dysmor-
phism, retinitis pigmentosa, sensorineural
hearing deficit, hepatomegaly, osteoporosis,
failure to thrive, and hypocholesterolemia.

Diagnosis. The concentration of protein in the
spinal fluid is increased, and electroencepha-
lography (EEG) may show epileptiform activ-
ity. Liver transaminase levels are increased, as
is the serum concentration of bile acids. An
increased plasma concentration of very-long-
chain fatty acids is essential to the diagnosis.

Management. No curative therapy is currently
available for Zellweger syndrome spectrum.
Symptomatic therapy includes evaluation of
feeding, hearing, vision, liver function, and
neurological function. All affected children
benefit from appropriate educational place-
ment and the use of hearing aids.

ISOLATED DEAFNESS

Isolated deafness in newborns and infants is
usually genetic, and transmission may be by
autosomal dominant, autosomal recessive, or
X-linked inheritance. In many sporadic cases,
transmission is by autosomal recessive inheri-
tance. Genetic disorders transmitted by autoso-
mal dominant inheritance are often causative
of congenital deafness associated with external
ear deformities, but chromosomal disorders
and fetal exposure to drugs and toxins are con-
siderations. Maternal use of heparin during
pregnancy produces an embryopathy character-
ized by skeletal deformities, flattening of the
nose, cerebral dysgenesis, and deafness.

In the absence of an external malforma-
tion or family history, deafness often goes
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unnoticed until the infant fails to develop
speech. Intrauterine infection with cytomega-
lovirus is an important cause of congenital
deafness (see Chapter 5). Ten percent of new-
borns infected in utero with cytomegalovirus
develop a sensorineural hearing loss. Mass
immunization has now almost eliminated
rubella embryopathy, once a significant cause
of childhood deafness in the United States.

PENDRED SYNDROME

Pendred syndrome, the second most common
type of autosomal recessive syndromic hearing
loss, is a genetic defect in thyroxine synthesis.
Transmission is by autosomal recessive inheri-
tance. Goiter and sensorineural hearing im-
pairment are the characteristic features. The
hearing impairment is profound. Goiter is
not present at birth but develops in early
puberty (40%) or adulthood (60%).

Clinical Features. Sensorineural hearing impair-
ment is present at birth and is severe in 50%
of cases. Milder hearing impairment may not
bedetectable until the child is 2 years of age. Ves-
tibular functionmay also be impaired. A diffuse,
non-nodular goiter becomes apparent during
the first decade, often in infancy. No clinical
signs of hypothyroidism are present. Growth
and intelligence are usually normal.

Diagnosis. A perchlorate discharge test docu-
ments delayed organification of iodine by the
thyroid. The deafness is associated with an
abnormality of the bony labyrinth (Mondini
dysplasia or dilated vestibular aqueduct)
revealed by computed tomography (CT) of
the temporal bones. Vestibular function is
abnormal in most affected persons. Molecu-
lar genetics testing of the SLC26A4 gene
(chromosomal locus 7q22-q31) is available clin-
ically. Seventy-five percent of cases have recog-
nized mutations in the chromosomal locus
7q22-q31.

Thin-section, high-resolution MRI in the
axial and sagittal planes shows enlargement
of the endolymphatic sac and duct in associa-
tion with a large vestibular aqueduct (Phelps
et al, 1998).

Management. Medical rather than surgical
treatment is better for managing goiter. Exog-
enous hormone decreases production of thy-
roid-stimulating hormone, with subsequent
decrease in goiter size. The hearing loss is
irreversible.
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USHER SYNDROME

Usher syndrome is the most common type of
autosomal syndromic hearing loss. Affected
individuals are born with sensorineural hearing
loss. Later, they develop retinitis pigmentosa.
Usher syndrome affects more than 50% of the
deaf-blind individuals in the United States.
The visual impairment, caused by retinitis pig-
mentosa, is usually not apparent in the first
decade. During the second decade, night blind-
ness and loss of peripheral vision become evi-
dent and inevitably progress.

Clinical Features. Three types of Usher syn-
drome are recognized. Severe to profound
sensorineural hearing loss and abnormal ves-
tibular dysfunction characterize type 1. The
vestibular deficit delays developmental motor
milestones for sitting and walking. Mild to
severe sensorineural hearing loss and normal
vestibular function characterize type 2.
Hearing aids provide effective amplification
and oral communication is possible. Charac-
teristic features of type 3 are progressive
hearing loss and progressive deterioration of
vestibular function. Vestibular responses to
caloric testing are absent, and mild ataxia
may be present. Mental retardation is present
in 25% of cases.

Diagnosis. Molecular genetics testing is avail-
able for some subtypes of Usher syndrome
types 2 and 3. The combination of retinitis
pigmentosa and hearing impairment is also
present in other syndromes. Usher syndrome
is the only one in which profound deafness is
present at birth.

Management. Deafness is type 1 and is not cor-
rectable with hearing aids.

WAARDENBURG SYNDROME

Waardenburg syndrome (WS) is the most com-
mon type of autosomal dominant syndromic
hearing loss. It consists of sensorineural hear-
ing loss and pigmentary abnormalities of the
skin, hair (white forelock), and eyes (hetero-
chromia iridis). Several clinical forms exist
(Smith et al, 2003). The gene map locus is
chromosome 2q35.

Clinical Features. WS is relatively easy to recog-
nize because of its cutaneous features: a white
forelock, eyes of different colors (usually dif-
ferent shades of blue), hypertelorism, and
depigmented dermal patches. Hearing loss is
not a constant feature. An additional feature
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is a wide bridge of the nose owing to lateral
displacement of the inner canthus of each eye.

The presence of other abnormalities differ-
entiates four subtypes. Lateral displacement of
the inner canthus of the eye, a characteristic
feature of WS type I, is not present in WS type
II. In WS type III, arm abnormalities are pres-
ent, and Hirschsprung disease is part of WS
type IV.

Diagnosis. The family history and the cutane-
ous features establish the diagnosis. Molecular
genetics testing is available for WS types I and
III.

Management. Treatment is symptomatic.
Later-Onset Genetic Disorders

Several of the disorders listed in Table 17-5
are discussed in other chapters. Sensorineural
hearing impairment occurs as part of several
types of spinocerebellar degeneration, hereditary
motor sensory neuropathies, and sensory auto-
nomic neuropathies. It is a major feature of
Refsum disease (hereditary motor sensory neu-
ropathy type IV), and dietary measures decrease
the serum concentrations of phytanic acid.
Table 17-5 Disorders Causing Hearing Impairme

Congenital
Aplasia of the inner ear
Michel defect
Mondini defect
Scheibe defect

Chromosome disorders
18q syndrome
Trisomy 13
Trisomy 18

Genetic disorders
Isolated deafness
Pendred syndrome
Usher syndrome
Waardenburg syndrome

Intrauterine viral infection (see Chapter 5)
Maternal drug use

Antibiotics
b-blockers
Chemotherapy
Drugs

Genetic neurological disorders
Familial spastic paraplegia (see Chapter 12)
Hereditary motor sensory neuropathies (see

Chapter 7)
Hereditary sensory autonomic neuropathies (see

Chapter 9)
Infantile Refsum disease
Mitochondrial disorders (see Chapter 8)
Neurofibromatosis type 2 (see “Acoustic Neuroma”)
Deafness-Dystonia-Optic Neuronopathy
Syndrome

Inheritance of the disorder is as an X-linked
trait. Carrier females are unaffected (Traneb-
jaerg, 2004).

Clinical Features. Progressive deafness begins
before age 2 years and progresses to profound
hearing loss by age 10. Dystonia and/or ataxia
develops in the second decade, followed
by decreased vision caused by optic neuropa-
thy in the third decade, and dementia at
age 40.

Diagnosis. The clinical features are diagnostic.
The serum IgG is less than 200 mg/dL and the
serum IgM and IgA are less than 20 mg/dL.
Molecular genetics testing is available.

Management. Treatment is symptomatic.

Pontobulbar Palsy with Deafness

Pontobulbar palsy (Brown-Vialetto-Van Laere
syndrome) with deafness is a rare hereditary
motor neuron disorder. The mode of trans-
mission is autosomal recessive (Megarbane
et al, 2000).
nt and Deafness

Pontobulbar palsy with deafness
Spinocerebellar degenerations (see Chapter 10)
Wolfram syndrome (see Chapter 16)
Xeroderma pigmentosum (see Chapter 5)

Infectious diseases
Bacterial meningitis
Otitis media (see “Vertigo”)
Sarcoidosis (see “Facial Weakness”)
Viral encephalitis (see Chapter 2)
Viral exanthemas

Metabolic disorders
Hypothyroidism
Meniere disease (see “Vertigo”)

Skeletal disorders
Apert acrocephalosyndactyly
Cleidocranial dysostosis
Craniofacial dysostosis (Crouzon disease)
Craniometaphyseal dysplasia (Pyle disease)
Klippel-Feil syndrome
Mandibulofacial dysostosis (Treacher Collins

syndrome)
Osteogenesis imperfecta
Osteopetrosis (Albers-Schönberg disease)

Susac syndrome (see Chapter 2)
Trauma (see “Vertigo”)
Tumor

Acoustic neuroma
Cholesteatoma (see “Vertigo”)
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Clinical Features. Bilateral nerve deafness and a
variety of cranial nerve disorders, usually involv-
ing the motor components of cranial nerves VII
and IX to XII (more rarely, cranial nerves III, V,
and VI) characterize the disorder. Spinal motor
nerves and, less commonly, upper motor neu-
rons are sometimes affected. Onset most often
occurs during the second decade. Progressive
sensorineural hearing loss is the initial symp-
tom and may affect first one ear and then the
other. Facial weakness and dysphagia accom-
pany or quickly follow deafness. Tongue atro-
phy occurs in most cases, but masseter and
ocular motor palsies are uncommon.

Approximately half of patients have evi-
dence of pyramidal tract dysfunction, such as
extensor plantar responses, and half have atro-
phy and fasciculations of limb muscle. Loss of
tendon reflexes is an early feature of most
cases. Respiratory insufficiency is a common
feature and a frequent cause of death.

Diagnosis. The presence of deafness and are-
flexia distinguishes pontobulbar palsy from juve-
nile progressive bulbar palsy but can also suggest
a hereditary motor sensory neuropathy if symp-
toms of bulbar palsy are delayed. The diagnosis
depends on the clinical features. MRI of the
brainstem excludes the possibility of tumor.

Management. Most patients require a feeding
gastrostomy. Treatment is not available for the
underlying disease.
Acquired Hearing Impairment

Drug-Induced Impairment

Antibiotics are the most commonly used class of
drugs with potential ototoxicity in children. The
incidence of toxic reactions is greatest with ami-
kacin, furosemide, and vancomycin, and only a
little less with kanamycin and neomycin. Perma-
nent damage is unusual with any of these drugs.
The characteristic syndrome consists of tinnitus
and high-frequency hearing impairment.
Vancomycin produces hearing loss only when
blood concentrations exceed 45 mg/mL. By con-
trast, aminoglycosides may cause irreversible
cochlear toxicity, which begins as tinnitus, pro-
gresses to vertigo and high-frequency hearing
impairment, and finally impairs hearing at all
frequencies. This is of special concern in sick
preterm newborns given aminoglycosides for
periods of 15 days or longer.

b-Adrenoceptor-blocking drugs are a rare
cause of hearing impairment and tinnitus.
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Cessation of therapy reverses symptoms. Cis-
platin, an anticancer drug, has ototoxic effects
in 30% of recipients. Tinnitus is the major fea-
ture. The hearing impairment is at frequen-
cies higher than those used for speech.

Salicylates tend to concentrate in the peri-
lymph of the labyrinth and are ototoxic. Tinni-
tus and high-frequency hearing impairment
result from long-term exposure to high doses.
Infectious Diseases

Otitis media is a common cause of reversible
conductive hearing impairment in children,
but only rarely does infection spread to the
inner ear (see “Vertigo”). Hearing impairment
is a relatively common symptom of viral enceph-
alitis (see Chapter 2) and may be an early fea-
ture. Sudden hearing loss may also accompany
childhood exanthemas (chickenpox, mumps,
and measles), and in such cases, virus can be
isolated from the cochlear and auditory nerves.

The overall incidence of persistent unilat-
eral or bilateral hearing loss in children with
acute bacterial meningitis is 10%. Early treat-
ment with dexamethasone reduces the risk
(see Chapter 4). Streptococcus pneumoniae men-
ingitis is also associated with a 20% incidence
of persistent dizziness, gait ataxia, and other
neurological deficits.

The site of disease is probably the inner ear
or auditory nerve. Organisms may gain access
to the inner ear from the subarachnoid space.
Otitis media is the source of meningitis in
many children and produces a transitory con-
ductive hearing loss but does not cause a per-
manent sensorineural hearing loss. It is
common in many centers to screen all chil-
dren hospitalized for treatment of acute bacte-
rial meningitis with brainstem auditory evoked
response audiometry before discharge.
Metabolic Disorders

Meniere disease is characterized by vertigo,
tinnitus, and hearing impairment. Vertigo is
often the presenting feature (see “Vertigo”).
Tinnitus and decreased hearing are common
features of hypothyroidism and are reversible
by thyroid replacement therapy.
Skeletal Disorders

The combination of hearing impairment and
skeletal deformities usually indicates a genetic
disease. Skeletal disorders may be limited,



Table 17-6 Causes of Vertigo

Drugs and toxins
Epilepsy
Complex partial seizures
Simple partial seizures

Infections
Otitis media
Vestibular neuronitis

Meniere disease
Migraine
Basilar migraine (see Chapter 10)
Benign paroxysmal vertigo (see Chapter 10)

Motion sickness
Multiple sclerosis (see Chapter 10)
Psychogenic
Hyperventilation syndrome (see Chapter 1)
Panic attacks

Trauma
Migraine
Post-traumatic neurosis
Temporal bone fracture
Vestibular concussion
Whiplash injury
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usually to the face and digits, or generalized.
The partial list in Table 17-6 highlights the
more common syndromes. Genetic transmis-
sion for almost all is autosomal dominant
inheritance with variable expression. The
exceptions are osteopetrosis, which has auto-
somal recessive inheritance; craniometaphy-
seal dysplasia, which has both a dominant
and a recessive form; and the Klippel-Feil
anomaly, for which the pattern of transmis-
sion is uncertain.
Trauma

Acute auditory and vestibular injuries occur
with fractures of the petrous portion of the
temporal bone. Vestibular function is more
likely to be impaired than auditory function
(see “Vertigo”).
Tumor

Acoustic neuroma and cholesteatoma are the
tumors most likely to impair children’s hearing.
Other cerebellopontine angle tumors are
extremely rare before the third or fourth decade.
See “Vertigo” for a discussion of cholesteatoma.

ACOUSTIC NEUROMA

Acoustic neuromas are actually schwannomas of
the eighth cranial nerve. Only 6% of acoustic
neuromas come to medical attention in the
second decade and even fewer in the first
decade. Children with acoustic neuroma usually
have neurofibromatosis type 2, a genetic dis-
ease distinct from neurofibromatosis type 1 (see
Chapter 5). Genetic transmission of neurofibro-
matosis type 2 is by autosomal dominant inheri-
tance, with the gene locus on chromosome 22.
Acoustic neuromas are themost constant feature
of the phenotype. Later, other cerebral tumors
such as meningioma, glioma, schwannoma, and
juvenile posterior subcapsular lenticular opacity
may develop. Café au lait spots (fewer than five)
may be present on the skin.

Clinical Features. Deafness or tinnitus is the
usual initial symptom. Approximately one third
of patients have nonaudiological symptoms,
such as facial numbness or paresthesia, vertigo,
headache, and ataxia. Hearing impairment is
present in almost every patient; ipsilateral dimin-
ished corneal reflex occurs in 50%, and ataxia,
facial hypesthesia or weakness, and nystagmus
occur in 30% to 40%. Large tumors cause
obstructive hydrocephalus with symptoms of
increased intracranial pressure and brainstem
compression.

Diagnosis. Molecular-based testing is available.
Several schemes for the clinical diagnosis of
neurofibromatosis type 2 are available (Baser
et al, 2002). One that is commonly used
includes bilateral vestibular schwannomas or
a family history of neurofibromatosis type
2 in one or more first-degree relatives plus
(1) unilateral vestibular schwannomas at age
younger than 30 years or (2) any two of the
following: meningioma, glioma, schwannoma,
or juvenile posterior subcapsular lenticular
opacities/juvenile cortical cataract. Every child
with progressive hearing impairment or tinni-
tus requires careful examination for café au
lait spots. Exploration of the family history
for acoustic neuroma or other neurological
disturbance is also required.

Abnormalities in pure-tone audiometry and
in the brainstem auditory evoked response
are present in almost every patient, but are not
necessary for diagnosis. Gadolinium-enhanced
MRI is the study of choice to visualize tumors
in the cerebellopontine angle (Fig. 17-2).

Management. Both surgery and the photon
(gamma ray) knife are useful for tumor resec-
tion. Surgery often sacrifices residual hearing
and sometimes causes a facial palsy. The supe-
riority of the photon knife over standard sur-
gery is not yet established.
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Figure 17-2 CTof acoustic neuroma. A large tumor
(arrow) is pressing on and displacing the brainstem.
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VERTIGO

Vertigo is the sensation of rotation or spinning.
It terrifies small children. Balance is lost and pos-
ture is difficult to maintain, giving the appear-
ance of ataxia (see Chapter 10). Nausea and
nystagmus are often associated features. When
nystagmus is present, the fast phase is in the
same direction as the perceived rotation. Move-
ment of the head exacerbates all symptoms.

Anatomical Considerations

The semicircular canals and the vestibule,
within the labyrinth, are the sensory organs
of the vestibular system. The stimulus for exci-
tation of the semicircular canals is rotary
motion of the head; for the vestibule, it is grav-
ity. The vestibular portion of the eighth cra-
nial nerve transmits information from the
sensory organs to the vestibular nuclei in the
brainstem and cerebellum. The vestibular
nuclei have extensive connections with the
cerebellum and medial longitudinal fascicu-
lus. Cortical projections terminate in the supe-
rior temporal gyrus and frontal lobe.

Approach to Vertigo

History and Physical Examination

Children often describe dizziness or lighthead-
edness but rarely vertigo. Carefully question
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those who report dizziness or lightheaded-
ness about the sensation of rotation. Whether
the subject or the environment rotates is
irrelevant. The illusion of rotation separates
vertigo from presyncope, ataxia, and other
disturbances of balance and localizes the
disturbance to the vestibular system. Vertigo
implies dysfunction of the labyrinth or vestibu-
lar nerve (peripheral vertigo) or the brainstem
or temporal lobe (central vertigo).

Important historical points to document
include the course of vertigo (acute, recur-
rent, or chronic), precipitating events (trau-
ma, infection, or position change), association
of hearing impairment and tinnitus, drug
exposure, cardiovascular disease, and family
history of migraine. Migraine and epilepsy are
the usual causes of acute, episodic attacks of
vertigo not induced by motion, with migraine
as the more common of the two. The usual
cause of a single prolonged attack of vertigo,
especially in combination with nausea and
vomiting, is infection of the labyrinth or vestib-
ular nerve. Chronic vertigo often waxes and
wanes and may seem intermittent rather than
chronic. Both central and peripheral causes of
vertigo are considerations (see Table 17-6),
but the clinical and laboratory features readily
distinguish central from peripheral vertigo
(Table 17-7).
Special Tests

Not every child who complains of dizziness
requires caloric and audiometric testing (Fife
et al, 2000). A description of caloric testing is
given in this section and audiometric testing
in “Tests of Hearing.” The Nylen-Hallpike test
is useful to define position-induced vertigo.
CALORIC TESTING

The simplest method of caloric testing is to
instill small quantities of cool water into the
external auditory canal with a rubber-tipped
syringe. Before instilling the water, inspect the
canal to determine whether there is clear pas-
sage to an intact tympanic membrane. Use a
sufficient quantity of water, depending on the
child’s size, to keep the tympanic membrane
cooled for 20 seconds. A normal response is
slow deviation of the eyes to the side stimu-
lated, followed by a fast component to the
opposite side. If stimulation with cool water
fails to produce a response, repeat the proce-
dure with ice water. Absence of nystagmus indi-
cates absence of peripheral vestibular function.



Table 17-7 Distinguishing Peripheral
and Central Vertigo

Peripheral Vertigo

Clinical features
Hearing loss, tinnitus, and otalgia may be associated

features.
Past pointing and falling in the direction of

unilateral disease occur.
Ataxia occurs with the eyes closed in bilateral disease.
Vestibular and positional nystagmus is present.

Laboratory features
Caloric testing reveals vestibular paresis, directional

preponderance, or both.
Pure-tone audiometry reveals sensorineural hearing

loss.
Recruitment is present with end-organ disease and

tone decay with nerve disease.

Central Vertigo

Clinical features
Cerebellar and cranial nerve dysfunction are

frequently associated.
Hearing is intact.
Loss of consciousness may be associated.

Laboratory features
Pure-tone audiometry and speech discrimination

are normal.
Comprehension of competing messages is

impaired.
Caloric testing may reveal directional

preponderance but not vestibular paresis.
Brainstem evoked response, electroencephalography,

computed tomography, or magnetic resonance
imaging findings may be abnormal.
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Partial dysfunction of one vestibular apparatus
results in asymmetry of response (directional
preponderance).
NYLAN-HALLPIKE TEST

The Nylan-Hallpike test requires tilting the
patient backward from the sitting position to
the supine position so that the head hangs
down below the level of the examining table.
Observe the eyes for position-induced nystag-
mus after turning the head 45 degrees to the
right and then to the left.
Causes of Vertigo

Drugs

Many drugs that disturb vestibular function
also disturb auditory function. This section
deals only with drugs affecting vestibular func-
tion more than auditory function. Toxic doses
of anticonvulsants and neuroleptics produce
ataxia, incoordination, and measurable distur-
bances of vestibular function, but patients do
not ordinarily report vertigo.

Antibiotics are the main class of drugs with
vestibular toxicity. Streptomycin, minocycline,
and aminoglycosides have a high incidence
of toxic reactions, and sulfonamides have a
low incidence.

Streptomycin disturbs vestibular function but
has little effect on hearing. Variation in indi-
vidual susceptibility prevents the establishment
of a toxic milligram-per-kilogram dose. How-
ever, the vestibular toxicity of streptomycin is so
predictable that high doses of the drug are used
therapeutically to destroy vestibular function in
patients with severe Meniere disease.

Minocycline produces nausea, vomiting, diz-
ziness, and ataxia at standard therapeutic
doses. Onset of symptoms is 2 to 3 days after
starting treatment and cease 2 days after cessa-
tion. Gentamicin and other aminoglycosides
have an adverse effect on both vestibular and
auditory function. Some disturbance occurs in
2% of patients treated with gentamicin. Vestib-
ular dysfunction, either alone or in combina-
tion with auditory dysfunction, occurs in 84%
of cases, whereas auditory dysfunction alone
occurs in only 16%. Ototoxic effects develop
when the total dose exceeds 17.5 mg/kg.
Epilepsy

Vertigo can be the only feature of a simple
partial seizure or the initial feature of a com-
plex partial seizure. The experience of vertigo
is an aura in 10% to 20% of patients with com-
plex partial seizures.

Clinical Features. The recognition of vertigo as
an aura is simple when a complex partial sei-
zure follows. Diagnosis is more problematic
when vertigo is the only feature of a simple par-
tial seizure. The child ceases activity, becomes
pale, appears frightened, and then recovers.
Unsteadiness and nausea may be associated
features.

Diagnosis. All children with unexplained brief
attacks of vertigo, especially when vestibular
and auditory function is normal between attacks,
require EEG. Ambulatory EEG or 24-hour video
monitoring is required to capture an attack if
interictal EEG results are normal.

Management. Discussion of the management
of simple and complex partial seizures appears
in Chapter 2.
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Infections

BACTERIAL INFECTION

Otitis media and meningitis are leading causes
of vestibular and auditory impairment in chil-
dren. Acute suppurative labyrinthitis resulting
from extension of bacterial infection of the
middle ear has become uncommon since the
introduction of antibiotics. However, even
without direct bacterial invasion, bacterial tox-
ins may cause serous labyrinthitis.

Chronic otitic infections cause labyrinthine
damage by the development of cholesteatoma.
A cholesteatoma is a sac containing keratin,
silvery-white debris shed by squamous epithe-
lial cells. Such cells are not normal constitu-
ents of the middle ear but gain access from
the external canal after infection repeatedly
perforates the eardrum. Cholesteatomas erode
surrounding tissues, including bone, and pro-
duce a fistula between the perilymph and the
middle ear.

Clinical Features. The characteristics of acute
suppurative or serous labyrinthitis are the sud-
den onset of severe vertigo, nausea, vomiting,
and unilateral hearing loss. Meningismus may
also be present. Chronic otitis causes similar
symptoms. Severe vertigo that is provoked by
sneezing, coughing, or merely applying pres-
sure on the external canal indicates fistula
formation. Otoscopic examination reveals evi-
dence of otitis media and tympanic mem-
brane perforation and allows visualization of
cholesteatoma.

Diagnosis. When vestibular dysfunction devel-
ops in children with otitis media, order radio-
graphs or CT scans of the skull to visualize
erosion of bone or mastoiditis. The presence
of meningismus or increased intracranial pres-
sure (see Chapter 4) necessitates CT to
exclude the possibility of abscess and then
examination of cerebrospinal fluid to exclude
meningitis.

Management. Vigorous antibiotic therapy and
drainage of the infected area are required in
every case. Myringotomy and mastoidectomy
provide drainage when needed. Cholesteato-
mas are progressive and require surgical
excision.

VIRAL INFECTIONS

Viral infections may affect the labyrinth or ves-
tibular nerve. The two are difficult to differen-
tiate by clinical features, and the terms
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vestibular neuritis and neuronitis describe acute
peripheral vestibulopathies. Vestibular neuri-
tis may be part of a systemic viral infection,
such as mumps, measles, and infectious mono-
nucleosis, or it may occur in epidemics with-
out an identifiable viral agent or as part of a
postinfectious cranial polyneuritis. The inci-
dence in children is low, accounting for less
than 7% of all cases.

Clinical Features. The main feature is the acute
onset of vertigo. Any attempt to move the head
results in a severe exacerbation of vertigo, nau-
sea, and vomiting. Nystagmus is present on fix-
ation and increased by head movement. The
patient is unable to maintain posture and lies
motionless in bed. Recovery begins during the
first 48 hours. Spontaneous nausea diminishes,
and nystagmus on fixation ceases. With each
day, vertigo decreases in severity, but positional
nystagmus is still present. Recovery is usually
complete within 3 weeks.

Diagnosis. The clinical features are the basis
for establishing the diagnosis. Brain imaging
is unnecessary when acute-onset vertigo is an
isolated symptom and begins improving within
48 hours (Hotson and Baloh, 1998).

Management. During the acute phase, keep
the child in bed and provide vestibular seda-
tion. Diazepam is very effective in dampening
the labyrinth and relieving the symptoms.
Children should not use transdermal scopol-
amine. As recovery progresses, activity is grad-
ually increased and sedation reduced.

Meniere Disease

Meniere disease is uncommon in children. An
overaccumulation of endolymph that results
in rupture of the labyrinth is the mechanism
of disease.

Clinical Features. Rupture of the labyrinth
causes the clinical features, hearing impairment,
tinnitus, and vertigo. Hearing impairment fluc-
tuates and may temporarily return to normal
when the rupture heals. Tinnitus is ignorable,
but vertigo demands attention and is often the
symptom that brings the disorder to attention.
A typical attack consists of disabling vertigo and
tinnitus lasting for 1 to 3 hours. Tinnitus, full-
ness in the ear, or increased loss of hearing
may precede the vertigo. Tinnitus becomes
worse during the attack. Pallor, sweating, nau-
sea, and vomiting are often associated features.
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Afterward, the patient is tired and sleeps. Attacks
occur at unpredictable intervals for years and
then subside, leaving the patient with perma-
nent hearing loss. Bilateral involvement is pres-
ent in 20% of cases. Nystagmus is present
during an attack. At first, the fast component
is toward the abnormal ear (irritative); later,
as the attack subsides, the fast component is
away (paralytic). Between attacks, the results of
examination are normal, with the exception
of unilateral hearing impairment.

Diagnosis. Pure-tone audiometry shows thresh-
old fluctuation. Speech discrimination is pre-
served, and recruitment is present on the
abnormal side. Caloric stimulation demon-
strates unilateral vestibular paresis or direc-
tional preponderance.

Management. The underlying disease is not
reversible. Management of the acute attack
and increasing the interval between attacks
are the goal of therapy. Bed rest, sedation,
and antiemetics are the treatment of acute
attacks. Maintenance therapy usually consists
of a low-salt diet and diuretics; neither pro-
vides substantial benefit.

Migraine

Seventeen percent of migraineurs report ver-
tigo at the time of an attack. Such individuals
have no difficulty in recognizing vertigo as a
symptom of migraine. Another 10% experience
vertigo in the interval between attacks and may
have difficulty relating vertigo to migraine.
Brief (minutes), recurrent episodes of vertigo
in infants and small children are usually a
migraine equivalent, despite the absence of
headache. The attacks later evolve into classic
migraine. Affected children appear ataxic,
and, therefore, the syndrome is discussed in
Chapter 10 (see “Benign Paroxysmal Vertigo”).

Motion Sickness

Unfamiliar body accelerations or a mismatch
in information provided to the brain by the
visual and vestibular systems during accelera-
tion of the body induces motion sickness.
Motion in the visual field opposed to actual
body movement induces motion sickness.
Therefore, allowing a child to look out the
window while riding in a car decreases the
incidence of motion sickness. Small children
in the back seat, where the only visual input
is the car interior, are at the greatest risk of
motion sickness. A minivan may reduce the
incidence of motion sickness by allowing chil-
dren access to a window.

The prevalence of motion sickness depends
on how violent themovement is and approaches
100% in the worst case. Twenty-five percent of a
ship’s passengers become sick during a 2- to 3-
day Atlantic crossing, and 0.5% of commercial
airline passengers are affected. The first symp-
tom is pallor, which is followed by nausea and
vomiting. Because nausea usually precedes
vomiting, there is time to prevent vomiting in
some situations. Stopping the motion is the best
way to abort an attack. Watching the environ-
ment move opposite to the direction of body
movement may inhibit early attacks. Individuals
with known susceptibility to motion sickness
should take an antihistamine, diazepam, or sco-
polamine before travel.
Trauma

Fifty percent of children report dizziness and
headache during the first 3 days after a closed
head injury, with or without loss of conscious-
ness. One third has persistent vertigo without
hearing loss. This group is separable into
patients with direct trauma to the labyrinth
(vestibular concussion) and those in whom
the vestibular apparatus is not injured. Chil-
dren with post-traumatic neurosis experience
dizziness or giddiness but not the illusion of
rotation.
VESTIBULAR CONCUSSION

Clinical Features. Vestibular concussion follows
blows to the parieto-occipital or temporoparie-
tal region of the skull. Severe vertigo is present
immediately after injury. The child is unsteady
and sways toward the affected side. Symptoms
persist for several days and then resolve
completely, but specific movements of the
head (paroxysmal positional vertigo) precipi-
tate recurrent episodes of vertigo and nausea
lasting for 5 to 10 seconds.

Diagnosis. All children with vertigo after a
head injury require a CT scan of the head.
Fractures through the petrous pyramid
require special attention. Bleeding from the
ear or a facial palsy should raise suspicion of
such a skull fracture. Moving the injured ear
downward induces positional nystagmus by
the Nylan-Hallpike technique. Caloric testing
or electronystagmography shows a decreased
response from the injured ear.
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Management. Immediately after injury, treat
the patient with an antihistamine and diaze-
pam until the acute phase is over. Fatigue
therapy treats individuals with paroxysmal
positional vertigo. Tilt the patient to a position
that reproduces symptoms, and maintain the
position until the vertigo subsides for at least
30 seconds. The patient then sits up for 30
seconds. Repeat the procedure four times.
Repeat this exercise several times each day
until the patient is no longer sensitive to posi-
tional change.

WHIPLASH INJURY

Whiplash injuries are frequently associated with
vestibular and auditory dysfunction. Basilar
artery spasm probably causes the symptoms.

Clinical Features. Vertigo may be present im-
mediately after injury and subsides within a
few days. Brief attacks of vertigo and tinnitus,
sometimes associated with headache or
nausea, may develop months later in children
who appear fully recovered from the injury.
Many features of the attacks suggest basilar
artery migraine (see Chapter 10) and probably
represent a post-traumatic migraine.

Diagnosis. During the acute phase, the Nylan-
Hallpike technique induces vertigo and calo-
ric testing documents unilateral dysfunction.
Vestibular function may also be abnormal in
children who are experiencing basilar artery
migraine, especially at the time of an attack.
EEG often shows occipital intermittent rhyth-
mic delta activity.

Management. Treatment is symptomatic.
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Disorders of Cranial Volume
and Shape
The volumes of the three compartments
that fill the skull (brain, cerebrospinal fluid,
and blood) determine the size of the skull dur-
ing infancy. Expansion of one compartment
comes at the expense of another. In this
way, intracranial volume and pressure remain
constant (see Chapter 4). The extracerebral
spaces (epidural, subdural, and subarachnoid)
may expand with blood and significantly affect
cranial volume. Less important factors contri-
buting to head size are the thickness of the
skull bones and the rate of their fusion.

The skull’s content determines its shape, as
do external forces acting on the skull. Even
more important is the rate at which individual
skull bones fuse. The recent move to have
infants sleep supine instead of prone is lead-
ing to a generation of children with flat
occiputs.
MEASURING HEAD SIZE

Head circumference is determined by measur-
ing the greatest occipitofrontal circumference.
Influencing the accuracy of the measurement
is fluid in and beneath the scalp and the head
shape. After a prolonged and difficult delivery,
edema or blood may thicken the scalp, and
a cephalohematoma may be present as well.
Fluid that infiltrates from a scalp infusion
can markedly increase head circumference.

A round head has a larger intracranial vol-
ume than an oval head of equal circumference.
A head with a relatively large occipitofrontal
diameter has a larger volume than a head with
a relatively large biparietal diameter.

Head circumference measurements are
most informative when plotted over time.
The head sizes of male and female infants
are different, and one should not rely on
head growth charts that provide median values
for both sexes. The rate of head growth in pre-
mature infants is considerably faster than
in full-term newborns (Fig. 18-1). For this rea-
son, the charting of head circumference is
always by conceptional age and not by postna-
tal age.
MACROCEPHALY

Macrocephaly means a large head, larger than
2 standard deviations (SDs) from the normal
distribution. Thus, 2% of the “normal” popu-
lation has macrocephaly. Investigation of such
individuals may show an abnormality causing
macrocephaly, but many are normal, often
with a familial tendency for a large head.
When asked to evaluate a large head in an oth-
erwise normal child, first ask the parents for
their hat sizes.

The causes of a large head include hydroceph-
alus, an excessive volume of cerebrospinal
fluid in the skull; megalencephaly, enlarge-
ment of the brain; thickening of the skull; and
hemorrhage into the subdural or epidural
spaces. Hydrocephalus is traditionally communi-
cating (nonobstructive) or noncommunicating
(obstructive), depending on whether cerebrospi-
nal fluid communicates between the ventricles
and subarachnoid space (Table 18-1). Hydro-
cephalus is the main cause of macrocephaly at
birth in which intracranial pressure is increased.

The causes of megalencephaly are anatomi-
cal and metabolic. The anatomical disorders
are primary megalencephaly and neurocuta-
neous disorders (Table 18-2). Children with
anatomical megalencephaly are often macro-
cephalic at birth but have normal intracranial
pressure. Children with metabolic megalen-
cephaly are usually normocephalic at birth and
develop megalencephaly from cerebral edema
during the neonatal period.
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Figure 18-1 Normal growth of
head circumference in boys.
The rate of growth in premature
infants is greater than in full-
term infants.
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Increased thickness of the skull bones does
not cause macrocephaly at birth or in the
newborn period. Macrocephaly develops dur-
ing infancy. Table 18-3 lists the conditions
associated with increased skull growth. The text
does not contain a separate discussion. The dis-
cussion of intracranial hemorrhage in the new-
born appears in Chapter 1, and intracranial
hemorrhage in older children is discussed in
Chapter 2.
Table 18-1 Causes of Hydrocephalus

Communicating

Achondroplasia
Basilar impression (see Chapter 10)
Benign enlargement of subarachnoid space
Choroid plexus papilloma (see Chapter 4)
Meningeal malignancy
Meningitis (see Chapter 4)
Posthemorrhage (see Chapter 4)

Noncommunicating

Abscess (see Chapter 4)
Aqueductal stenosis
Chiari malformation (see Chapter 10)
Dandy-Walker malformation
Hematoma (see Chapters 1 and 2)
Infectious
Klippel-Feil syndrome
Mass lesions
Tumors and neurocutaneous disorders
Vein of Galen malformation
Walker-Warburg syndrome
X-linked

Hydranencephaly

Holoprosencephaly
Massive hydrocephalus
Porencephaly
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Communicating Hydrocephalus

The usual cause of communicating hydrocepha-
lus is impaired absorption of cerebrospinal fluid
secondary to meningitis or subarachnoid hem-
orrhage. Meningeal malignancy, usually by leu-
kemia or primary brain tumor, is a less
common cause. The excessive production of
cerebrospinal fluid by a choroid plexus papil-
loma rarely causes communicating hydrocepha-
lus because the potential rate of cerebrospinal
reabsorption far exceeds the productive capacity
Table 18-2 Causes of Megalencephaly

Anatomical Megalencephaly

Genetic megalencephaly
Megalencephaly with achondroplasia
Megalencephaly with gigantism (Sotos syndrome)
Megalencephaly with neurological abnormality
Neurocutaneous disorders

Epidermal nevus syndrome
Hypomelanosis of Ito
Incontinentia pigmenti (see Chapter 1)
Neurofibromatosis (see Chapter 5)
Tuberous sclerosis (see Chapter 5)

Metabolic Megalencephaly

Alexander disease (see Chapter 5)
Canavan disease (see Chapter 5)
Galactosemia: transferase deficiency (see Chapter 5)
Gangliosidosis (see Chapter 5)
Globoid leukodystrophy (see Chapter 5)
Glutaric aciduria type I (see Chapter 14)
Maple syrup urine disease (see Chapter 1)
Megalencephalic leukoencephalopathy with

subcortical cysts
Metachromatic leukodystrophy (see Chapter 5)
Mucopolysaccharidoses (see Chapter 5)



Table 18-3 Conditions with a Thickened
Skull Causing Macrocephaly

Anemia
Cleidocranial dysostosis
Craniometaphyseal dysplasia of Pyle
Epiphyseal dysplasia
Hyperphosphatemia
Leontiasis ossea
Orodigitofacial dysostosis
Osteogenesis imperfecta
Osteopetrosis
Pyknodysostosis
Rickets
Russell dwarf
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of the choroid plexus (see Chapter 4). Such
tumors more commonly cause hydrocephalus
by obstructing one or more ventricles.

Benign Enlargement of Subarachnoid
Space

The terms used to describe benign enlargement
of the subarachnoid space include external
hydrocephalus, extraventricular hydrocephalus,
benign subdural effusions, and benign extracer-
ebral fluid collections. It is a relatively common
cause of macrocephaly in infants, a fact not fully
appreciated before the widespread use of com-
puted tomography (CT) to investigate large
head size. A genetic cause is likely in some cases,
with the infant’s father oftenhaving a large head.

Clinical Features. The condition occurs more
commonly in males than females. A large head
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circumference is the only feature. An other-
wise normal infant is brought to medical
attention because serial head circumference
measurements show an enlarging head size.
The circumference is usually above the 90th
percentile at birth, grows to exceed the 98th
percentile, and then parallels the normal curve
(Fig. 18-2). The anterior fontanelle is large but
soft. Neurological findings and developmental
status are normal.

Diagnosis. Cranial CT shows an enlarged frontal
subarachnoid space, widening of the sylvian fis-
sures and other sulci, and normal or minimally
enlarged ventricular size (Fig. 18-3). Normal
ventricular size distinguishes this condition from
cerebral atrophy. In infants, the upper limit of
normal size for the frontal subarachnoid space
is 5.7 mm and 7.6 mm for the sylvian fissure.

Management. Most affected infants develop nor-
mally and do not require ventricular shunts. Plot
head circumference measurements monthly for
6 months after diagnosis to be certain that
growth is paralleling the normal curve. Repeat
CT is unnecessary unless head growth deviates
from the normal curve, the results of a neuro-
logical examination are abnormal, or there is
developmental delay.

Meningeal Malignancy

Tumors that infiltrate the meninges and sub-
arachnoid space impair the reabsorption of
cerebrospinal fluid and cause communicating
8 20 22 24

%)

8%)

Figure 18-2 Benign enlarge-
ment of the subarachnoid space.
Head circumference is already
large at birth, increases to
exceed the 98th percentile, and
then parallels the curve.
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Figure 18-3 Benign enlargement of the sub-
arachnoid space. CT reveals an enlarged frontal
subarachnoid space (arrow), prominent sulci, and
normal ventricular size.
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hydrocephalus.Meningeal spread usually occurs
from a known primary tumor site. Diffuse me-
ningeal gliomatosis is the exception where the
initial feature may be hydrocephalus.

Clinical Features. Tumors that infiltrate the
meninges are usually aggressive and cause
rapid progression of symptoms. Headache
and vomiting are the initial features, and leth-
argy and personality change follow. Meningis-
mus and papilledema are common features
and may suggest bacterial meningitis. Multifo-
cal neurological disturbances may be present.

Diagnosis. Magnetic resonance imaging (MRI)
shows dilation of the entire ventricular system
but not of the subarachnoid space, which may
appear obliterated except for a layer of enhance-
ment. The pressure of the cerebrospinal fluid
and its protein concentration are increased.
The glucose concentration may be depressed
or normal. Tumor cell identification in the
cerebrospinal fluid is rarely successful, and a me-
ningeal biopsy is usually required for tissue
diagnosis.

Management. Symptoms of increased intracra-
nial pressure can be relieved by a ventricular
shunt. Radiation therapy and chemotherapy
provide palliation and extend life in some
cases, but the outcome is generally poor.
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Noncommunicating Hydrocephalus

Complete obstruction of the egress of cerebro-
spinal fluid from the ventricles to the sub-
arachnoid space causes increased pressure
and dilation of all ventricles proximal to the
obstruction. The incidence of congenital hydro-
cephalus is 0.4 to 0.8 per 1000 live births and
stillbirths. X-linked hydrocephalus accounts for
4% of all cases (Schrander-Stumpel and Fryns,
1998).

Noncommunicating hydrocephalus is the
most common form of hydrocephalus in
fetuses. Aqueductal stenosis is the usual cause
of congenital hydrocephalus in the absence
of other associated cerebral malformations.
Aqueductal stenosis is less common during
infancy, but its frequency increases during
childhood. Mass lesions are the most common
cause of aqueductal obstruction during child-
hood. Children with congenital hydrocepha-
lus who have seizures usually have other
cerebral malformations. Such children have a
higher incidence of mental retardation.

Congenital Aqueductal Stenosis

At birth, the mean length of the cerebral
aqueduct is 12.8 mm, and its smallest cross-sec-
tional diameter is usually 0.5 mm. The small
lumen of the cerebral aqueduct, in relation
to its length, makes it especially vulnerable to
internal compromise from infection and hem-
orrhage and to external compression by
tumors and venous malformations. Congenital
atresia or stenosis of the cerebral aqueduct
can occur as a solitary malformation or as part
of a spectrum of abnormalities associated with
L1 syndrome described in the following section.

Clinical Features. Hydrocephalus is present at
birth. Head circumference ranges from 40 to
50 cm and may cause cephalopelvic dispropor-
tion and poor progress of labor. The forehead
is bowed, the scalp veins are dilated, the skull
sutures are widely separated, and the fonta-
nelles are large and tense. These signs become
exaggerated when the child cries but are also
present in the quiet state. The eyes are
deviated downward so that the sclera shows
above the iris (setting-sun sign), and abducens
palsies may be present.

Diagnosis. Intrauterine sonography is diagnos-
tic after 20 weeks when the ventricles expand.
Sonograms performed earlier are misleading.
When macrocephaly is present in the fetus,
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amniotic fluid assays of a-fetoprotein are use-
ful for the detection of neural tube defects
(see Chapter 12). Chromosomal analysis pro-
vides further information concerning the
integrity of the fetal nervous system to develop
a management plan.

CT readily provides the postpartum diagno-
sis of aqueductal stenosis. Easily visualized are
marked enlargement of the lateral ventricle,
the third ventricle, and the cephalic end of
the cerebral aqueduct. The remainder of the
cerebral aqueduct and the fourth ventricle
cannot be seen (Fig. 18-4).

Management. Congenital hydrocephalus caused
by aqueductal stenosis is severe, does not
respond to medical therapy directed at de-
creasing the volume of cerebrospinal fluid, and
progresses to a stage that harms the brain. Diver-
sion of the cerebrospinal fluid from the ventri-
cular system to an extracranial site is the only
effective method of management.

Management of fetal hydrocephalus depends
on the presence of other malformations. Three
fourths of affected fetuses have other abnormal-
ities, usually spina bifida. Voluntary termination
of such pregnancies is common.

Ventriculoperitoneal shunting is the proce-
dure of choice for newborns and small infants
with aqueductal stenosis. It is easier to revise
and better tolerated than ventriculoatrial
Figure 18-4 Aqueductal stenosis. CT demon-
strates marked enlargement of the third ventricle
(arrow) and the lateral ventricles.
shunting. Mechanical obstruction and infec-
tion are the most common complications of
shunt placement in infancy (see Chapter 4).

The relief of hydrocephalus increases the
potential for normal development, even when
the cerebral mantle appears very thin preopera-
tively, but does not necessarily result in a nor-
mal child. The growth of intelligence is often
uneven, with better development of verbal skills
than of nonverbal skills. Associated anomalies
may cause motor deficits and seizures.

X-Linked Hydrocephalus
(L1 Syndrome)

L1 syndrome encompasses HSAS syndrome
(X-linked hydrocephalus with stenosis of the
aqueduct of Sylvius), MASA syndrome (men-
tal retardation, aphasia, spastic paraplegia, and
adducted thumbs), X-linked complicated he-
reditary spastic paraplegia type 1, and X-linked
complicatedcorpuscallosumagenesis (Schrander-
Stumpel and Vos, 2006).

Clinical Features. Hydrocephalus, mental retar-
dation, spasticity of the legs, and adducted
thumbs are characteristic features in affected
males. The spectrum of severity is wide, depend-
ing on the nature of the mutation. Mental retar-
dation ranges from mild to severe and the gait
abnormality from shuffling gait to spastic para-
plegia. Adducted thumbs are characteristic of
several phenotypes.

Diagnosis. Molecular genetics testing is com-
mercially available.

Management. Early shunt placement is required
in most affected infants.
Dandy-Walker Malformation

The Dandy-Walker malformation consists of a
ballooning of the posterior half of the fourth
ventricle, often associated with failure of the
foramen of Magendie to open, aplasia of the
posterior cerebellar vermis, heterotopia of
the inferior olivary nuclei, pachygyria of the
cerebral cortex, and other cerebral and some-
times visceral anomalies. Hydrocephalus may
not be present at birth but develops during
childhood or later. The size of the lateral ven-
tricles does not correlate with the size of the
cyst in the fourth ventricle. Other malforma-
tions are present in two thirds of children.
The most common associated malformation
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is agenesis of the corpus callosum. Other mal-
formations are heterotopia, abnormal gyrus
formation, dysraphic states, aqueductal steno-
sis, and congenital tumors.

The responsible gene is located on chromo-
some 3. However, the mode of inheritance is
uncertain (Grinberg et al, 2004).

Clinical Features. Diagnosis at birth occurs in
only one fourth of affected newborns and in
three fourths by 1 year of age. Macrocephaly
is the usual initial feature. Bulging of the skull,
when present, is more prominent in the occip-
ital than in the frontal region. The rapidity of
head growth is considerably slower than
with aqueductal stenosis. Compression of pos-
terior fossa structures leads to neurological
dysfunction, including apneic spells, nystag-
mus, truncal ataxia, cranial nerve palsies, and
hyperreflexia in the legs.

Diagnosis. Macrocephaly or ataxia is the indi-
cation to perform CT or MRI. Both studies
show cystic dilation of the posterior fossa and
partial or complete agenesis of the cerebellar
vermis (Fig. 18-5). MRI is more useful because
it also identifies other cerebral abnormalities
such as heterotopia. Incomplete vermian
agenesis may be difficult to differentiate from
an enlarged cisterna magna. The Dandy-
Walker malformation is part of the spectrum
of anomalies associated with trisomy 9 and
with mutations on the X chromosome.
Figure 18-5 Dandy-Walkermalformation.CTshows
cystic dilatation of the fourth ventricle and partial
agenesis of the cerebellar vermis.
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Management. Decompression of the cyst alone
provides immediate relief of symptoms; how-
ever, hydrocephalus recurs and ventricular
shunting is required in two thirds of affected
children. Shunting of the lateral ventricle
alone provides immediate relief of hydroceph-
alus, but fails to relieve brainstem compression.
The procedure of choice is a dural shunt of
both the lateral ventricle and the posterior
fossa cyst.

Even after successful shunt placement,
many children have transitory episodes of leth-
argy, personality change, and vomiting that
falsely suggest shunt failure. The mechanism
of such episodes, which may prove fatal, is
unknown.

Klippel-Feil Syndrome

Klippel-Feil syndrome is a malformation of the
craniocervical skeleton that may be associated
with the Chiari malformation and basilar
impression. Obstruction of the egress of cere-
brospinal fluid from the fourth ventricle to
the subarachnoid space causes hydrocephalus.
The syndrome comprises several different
entities. One or more are recessive, one is
dominant, and some may have no genetic
basis. The three types of malformation are
type I, extensive fusion of the thoracic and
upper cervical vertebrae; type II, one or two
interspace fusions with hemivertebrae and
occipitoatlantal fusion; and type III, cervical
and lower thoracic or lumbar fusion. Type II
is the most common form (Tracy et al, 2004).

Clinical Features. The essential features of
Klippel-Feil syndrome are a low posterior hair-
line, a short neck, and limitation of neck
movement. Head asymmetry, facial asymmetry,
scoliosis, and mirror movements of the hands
are common. Unilateral or bilateral failure of
downward migration of the scapula (Sprengel
deformity) is present in 25% to 35% of patients.
Malformations of the genitourinary system
and deafness are associated features. The deaf-
ness may be of the sensorineural, conductive,
or mixed type. Hydrocephalus affects the
fourth ventricle first and then the lateral ven-
tricles. The resulting symptoms are those of
posterior fossa compression: ataxia, apnea,
and cranial nerve dysfunction.

Diagnosis. Radiographs of the spine reveal
the characteristic fusion and malformations
of vertebrae. MRI may show an associated
Chiari malformation and dilation of the
ventricles.
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Management. Children with unstable cervical
vertebrae require cervical fusion to prevent
myelopathy. Those with symptoms of obstructive
hydrocephalus require a ventriculoperitoneal
shunt to relieve pressure in the posterior fossa.

Congenital Brain Tumors

Congenital brain tumors and congenital brain
malformations are both disorders of cellular
proliferation. A noxious agent active during
early embryogenesis might stimulate either or
both abnormalities. The relative oncogenicity
or teratogenicity depends on the virulence of
the agent, the timing of the insult, the duration
of exposure, and the genetic background and
health of the fetus. The most common tumors
of infancy are astrocytoma, medulloblastoma,
teratoma, and choroid plexus papilloma.

Clinical Features. Congenital tumors are more
often supratentorial than infratentorial and
more often in themidline than situated laterally.
Newborns with hemispheric gliomas and terato-
mas may develop hydrocephalus in utero or in
the first days or weeks postpartum. The point
of obstruction is usually at the cerebral aqueduct
(see Chapter 4). Choroid plexus papillomas are
usually located in one lateral ventricle and
become symptomatic during infancy rather
than in the perinatal period. They produce
hydrocephalus by either obstruction of the
foramen of Monro or excessive production of
cerebrospinal fluid (see Chapter 4). Medul-
loblastomas are located in the posterior fossa
and obstruct the fourth ventricle and cerebral
aqueduct (see Chapter 10).

The clinical features of all congenital
tumors are those of increasing intracranial
pressure: enlarging head size, separation of
the sutures, lethargy and irritability, difficult
feeding, and vomiting. Seizures are unusual.
Because of its posterior fossa location, medul-
loblastoma also produces nystagmus, down-
ward deviation of the eyes, opisthotonus, and
apnea.

Diagnosis. CT or MRI, performed to investigate
hydrocephalus, readily visualizes all congenital
tumors. Intrauterine sonography identifies
some tumors.

Management. Complete resection of congeni-
tal brain tumors is unusual, with the exception
of choroid plexus papilloma. Discussion of
individual tumor management appears in
Chapters 4 and 10.
Vein of Galen Malformation

Arteriovenous malformations of the cerebral
circulation may become symptomatic during
infancy and childhood (see Chapters 4 and
10), but the malformation associated with
congenital hydrocephalus is the vein of Galen
malformation. Vein of Galen vascular malfor-
mations are not aneurysms and do not
involve the vein of Galen. Instead, the normal
vein of Galen does not develop, and the
median prosencephalic vein of Markowsky
persists, dilates, and drains to the superior
sagittal sinus. Multiple arteriovenous fistulas
are associated.

Clinical Features. Eighty percent of newborns
with vein of Galen malformations are male.
The usual initial feature is either high-output
cardiac failure or an enlarging head size.
Hemorrhage almost never occurs early in the
course. A cranial bruit is invariably present.
Some affected children experience unex-
plained persistent hypoglycemia.

Large midline arteriovenous malformations
produce hemodynamic stress in the newborn
because of the large quantities of blood
shunted from the arterial system to the venous
system. The heart enlarges in an effort to keep
up with the demands of the shunt, but high-out-
put cardiac failure ensues. Affected newborns
often come first to the attention of a pediatric
cardiologist because of suspected congenital
heart disease. Then the initial diagnosis of an
intracranial malformation is during cardiac
catheterization.

When the hemodynamic stress is not
severe and cardiac compensation is possible,
the initial symptoms appear in infancy or
early childhood. In such a case, obstructive
hydrocephalus results from compression of
the tegmentum and aqueduct. Symptoms
usually begin before age 5 and always before
age 10. The lateral ventricles enlarge, causing
headache, lethargy, and vomiting. In infants,
the head enlarges and the fontanelle feels
full.

Diagnosis. Contrast-enhanced CT (Fig. 18-6)
or MRI readily visualizes the vein of Galen mal-
formation. The lateral and third ventricles
dilate behind the compressed cerebral aque-
duct. Radiographs of the chest in newborns
with high-output cardiac failure show an
enlarged heart with a normal shape.

Management. Theoverall results of direct surgical
approaches are poor; the mortality rate is high,
375



Figure 18-6 Vein of Galen malformation. The mal-
formation is visible on contrast-enhanced CT as a
large aneurysmal sac compressing the midbrain and
producing obstructive hydrocephalus.
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as is neurological morbidity in survivors. Embo-
lization has become the preferred treatment,
but the long-term results are not established.

Walker-Warburg Syndrome

Walker-Warburg syndrome is caused by muta-
tion in the genes encoding protein O-manno-
syltransferase-1 (POMT1) and -2 (POMT2). In
addition, a phenotype consistent with Walker-
Warburg syndrome occurs with mutation in
the fukutin gene (FKTN), the same gene caus-
ing Fukuyama congenital muscular dystrophy
(see Chapter 6). The risk of recurrence
among siblings exceeds 50%, but generation-
to-generation transmission does not occur,
suggesting autosomal recessive inheritance.

Cerebral and ocular abnormalities charac-
terize Walker-Warburg syndrome. Hydroceph-
alus is a constant feature. The syndrome, also
known as the HARD � E syndrome, consists of
hydrocephalus (H), agyria (A), and retinal
dysplasia (RD), with or without encephalocele
(� E). The condition is usually fatal within the
first few months of life.

Clinical Features. Hydrocephalus is usually pres-
ent at birth. The causemaybeaqueductal stenosis
or the Dandy-Walker malformation. Most chil-
dren with both a Dandy-Walker malformation
and ocular abnormalities have Walker-Warburg
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syndrome. Some children are born with micro-
cephaly yet have enlarged ventricles. Severe neu-
rological abnormalities are caused by partial or
total agyria (lissencephaly) resulting from failure
of neuronal migration. The pattern of architec-
tural abnormalities throughout the neuraxis sug-
gests a disruption of cerebral maturation in the
fourth conceptional month.

Several ocular abnormalities may be pres-
ent, usually in combination: hypoplasia of the
iris, abnormal anterior chamber, microphthal-
mos, cataracts, persistence of primary vitreous,
optic disc coloboma, retinal detachment, reti-
nal dysplasia, and hypoplasia of the optic
nerve. In addition to having hydrocephalus
and blindness, affected infants are hypotonic
and have difficulty feeding. Seizures are un-
common. Most affected children die during
the neonatal period or early infancy.

Diagnosis. The basis for diagnosis is the charac-
teristic combination of cerebral and ocular ab-
normalities. Congenital infections may produce
similar disturbances, but multisystem disease (vis-
ceromegaly and disturbed hematopoiesis), an
expected feature of most intrauterine infections,
is lacking in Walker-Warburg syndrome.

Cerebro-ocular abnormalities at birth are
also encountered in septo-optic dysplasia (see
Chapter 16) and the oculocerebrorenal syn-
drome (see Chapter 6), but hydrocephalus is
not a component of either syndrome.

Management. Management of hydrocephalus is
by ventricular shunt placement, but the out-
come is poor because of the concomitant severe
cerebral malformations.

Hydranencephaly

The term hydranencephaly encompasses sev-
eral conditions that result in the extensive
replacement of brain by cerebrospinal fluid.
The cause of hydranencephaly may be failure
of normal brain development or an intrauter-
ine disorder that destroys the brain paren-
chyma. Progressive obstructive hydrocephalus
may cause hydranencephaly if left untreated.
Excessive pressure within the lateral ventricles
destroys the midline structures and reduces
the cerebral mantle to a thin membrane.

Head circumference at birth is large when
hydranencephaly is caused by obstructive
hydrocephalus and small when the condition
is caused by intrauterine diseases. It may be
large or small with primary malformations.
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Porencephaly

Porencephaly is a term used loosely in the
literature. Originally, the term described
hemispheric cysts that communicated with
both the subarachnoid space and the lateral
ventricle secondary to defects in the final
stages of prosencephalization. The present
use of the term is broader and includes any
hemispheric cyst; the usual causes are intra-
uterine or perinatal infarction or trauma.
The injured immature brain loses neurons,
glia, and supporting structures. A fluid-filled
cyst is formed in the injured area and may
not communicate with either the ventricular
system or the subarachnoid space. Pressure
within the cyst often becomes excessive,
causing compression of adjacent structures
and macrocrania.

CONGENITAL MIDLINE PORENCEPHALY

Congenital midline porencephaly is a distinct
malformation characterized by congenital
hydrocephalus, alopecia, or encephalocele
in the parietal midline and a midline defect
in the posterior cerebral mantle. Midline por-
encephaly differs from holoprosencephaly
(HPE) because the forebrain divides into
two separate hemispheres. The cause may be
early hydrocephalus with upward outpouch-
ing and destruction of adjacent structures,
including the corpus callosum, cerebral man-
tle, skull, and scalp. The syndromes of giant
interhemispheric cyst and dysgenesis of the
corpus callosum are probably the same (Griebel
et al, 1995).

Clinical Features. The head is large in utero
and may cause cephalopelvic disproportion at
delivery. Possible defects in the parietal mid-
line range from a small, round area of alope-
cia to an encephalocele. Affected children
are severely retarded and blind. Most die dur-
ing infancy or early childhood.

Diagnosis. CT or MRI shows a large dorsal
cyst that has destroyed the septum pelluci-
dum and corpus callosum. The cyst commu-
nicates with enlarged lateral ventricles and
extends through a skull defect to produce
an encephalocele.

Management. Shunting the cyst may ease care
by reducing the size of the head or encephalo-
cele, but it does not prevent severe neurologi-
cal impairment from the underlying cerebral
malformation.
Anatomical Megalencephaly

Anatomical megalencephaly includes conditions
in which the brain enlarges because the number
or size of cells increases in the absence of a meta-
bolic disease or an acute encephalopathy.

Achondroplasia

Achondroplasia is a genetic disorder, transmit-
ted as an autosomal dominant trait (4p16.3).
New mutations account for more than 80% of
cases. It is the most frequent form of short-
limbed dwarfism (Francomano, 2006).

Clinical Features. The main features are short
stature caused by rhizomelic shortening of the
limbs (the proximal portion of the limbs is
shorter than the distal portion), large head
with frontal bossing and midface hypoplasia,
lumbar lordosis, and limitation of elbow exten-
sion. Stunted formation of enchondral bone
causes the typical recessed facial appearance.

Affected newborns have true megalenceph-
aly. Increased intracranial pressure occurs at
times secondary to stenosis of the sigmoid sinus
at the level of the jugular foramina. Despite
considerable, and sometimes alarming, enlarge-
ment of head circumference, achondroplas-
tic dwarfs seldom show clinical evidence of
increased intracranial pressure or progressive
dementia. Respiratory disturbances are com-
mon. Dyspneamay result from cervicomedullary
compression. Other features of cervicomedul-
lary compression are hyperreflexia, spasticity,
and sensory disturbances of the limbs.

Diagnosis. Clinical examination and radiologi-
cal features establish the diagnosis. Accurate
molecular diagnosis is available. CT reveals a
small posterior fossa and enlargement of the
sphenoid sinuses. Basilar impression is some-
times present. Ventricular size varies from nor-
mal in newborns and young infants to moderate
or severe dilation in older children and adults.

Management. Ventricular size, after initial dila-
tion, usually remains stable, and rarely is surgi-
cal diversion of cerebrospinal fluid needed.
Decompressive surgery is required in children
with evidence of progressive cervicomedullary
compromise.

Benign Familial Macrocephaly

Clinical Features. The term describes a familial
condition inwhichneurological andmental func-
tion is normal, but head circumference exceeds
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the 98th percentile. The suspectedmechanismof
transmission is autosomal dominant inheritance,
but the genetic basis for nonsyndromic macro-
cephaly is probablymultifactorial, with apolymor-
phic genetic basis. Head circumference may
not be large at birth but increases during infancy,
usually to between 2 and 4 cm above the 98th
percentile. Body size is normal, and no physical
deformities are present.

Diagnosis. The enlargement is indistinguishable
by physical examination from benign enlarge-
ment of the subarachnoid space, but CT distin-
guishes the two. CT findings are normal in
benign familial macrocephaly.

Management. Treatment is not required.

Megalencephaly with a Neurological
Disorder

The term megalencephaly with a neurological disor-
der encompasses all disorders, other than neuro-
cutaneous syndromes, in which the head is
large and the child is neurologically abnormal.

Clinical Features. Head circumference may
be large at birth or may become large during
infancy. It is generally 2 to 4 cm greater than the
98th percentile. Results of neurological tests are
normal, but the children have learning disabil-
ities, mental deficiency, or seizures. Neurological
status remains stable.

Diagnosis. Excluding the possibility of a neu-
rocutaneous disorder requires careful exami-
nation of the skin and retina of other family
members. Results of CT or MRI may be nor-
mal or may show mild dilation of the ventricu-
lar system. Agenesis of the corpus callosum is
the only abnormality found in some families
with macrocrania and borderline intelligence.

Management. Seizures often respond to anti-
convulsant drugs. Special education is usually
required. Treatment is not available for the
underlying disorder.

Megalencephaly with Gigantism

Megalencephaly with gigantism, termed cere-
bral gigantism or Sotos syndrome (Cole et al,
2007), probably encompasses several disor-
ders; most are sporadic and some clearly
genetic, transmitted by autosomal dominant
inheritance (5q35). Chromosome studies are
usually normal. Some show a translocation.
378
Clinical Features. Affected children are in the
75th to 90th percentile at birth and grow at
an excessive rate in height, weight, head cir-
cumference, and bone age until the age of
3. Afterward, the rate of growth is normal.
A prominent forehead, high-arched palate,
and hypertelorism are present in almost every
case. Small numbers of other patients may
have other dysmorphic features. Many have
mild learning problems that are less apparent
as they become adults. All children with the
syndrome are large as adults, but not gigantic.
Indeed, many appear normal as adults.

Diagnosis. Results of cranial CT are usually
normal except for revealing slight ventricular
widening. Extensive studies of endocrine func-
tion have failed to show a consistent abnormal-
ity other than glucose intolerance. Plasma
somatomedin levels are increased during the
first year in some infants and decrease to less
than normal during early childhood.

Management. Treatment is neither available nor
required.

Neurocutaneous Disorders

Both seizures (see Table 1-8) and mental retar-
dation (see Chapter 5) are common features in
most neurocutaneous disorders. The cutaneous
features may be present at birth (incontinentia
pigmenti) or during infancy (neurofibromato-
sis, tuberous sclerosis). The cause of macrocra-
nia is either hydrocephalus or megalencephaly.
Hemimegalencephaly, hemihypertrophy of the
body, or hypertrophy of a single limb should
always suggest the possibility of a neurocuta-
neous disorder.

HYPOMELANOSIS OF ITO

Hypomelanosis of Ito, also called incontinentia
pigmenti achromians, does not represent a dis-
tinct entity but rather a symptom of many dif-
ferent states of mosaicism. Most cases are
sporadic, and several different chromosomal
anomalies are associated. The X chromosome
is often involved.

Clinical Features. The cutaneous feature is a
large, hypopigmented area that has a whorled
or streaked appearance. It appears in the first
year and is a negative image of the hyperpig-
mented lesions of incontinentia pigmenti
(see Chapter 1). Other cutaneous features
are café au lait spots, angiomatous nevi, het-
erochromia of the iris or hair, and other nevi.
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Seizures and mental retardation are the most
common neurological abnormalities. IQ scores
are less than 70 in more than half of patients,
but approximately 20% have IQ scores higher
than 90. Approximately half of patients have
seizures, usually with onset in the first year.
Focal seizures are most common, although
occasional patients have infantile spasms and
Lennox-Gastaut syndrome. Spastic diplegia
may also be present. Disturbances of neuronal
migration cause these symptoms. Megalenceph-
aly occurs in approximately 25% of cases.

One third of patients have skeletal and eye
anomalies, including limb hypertrophy or
atrophy, facial hemiatrophy, poorly formed
ears, dysplastic teeth, hypertelorism, strabis-
mus, and corneal opacities.

Diagnosis. The characteristic cutaneous lesions
are critical to the diagnosis, and all family
members, as well as the child, require care-
ful examination. Chromosome studies may
be useful in the child and parents. MRI
usually reveals generalized cerebral or cerebel-
lar hypoplasia, severe cortical neuronal migra-
tion anomalies, and hemimeganencephaly
and lissencephaly. Hemimeganencephaly may
be ipsilateral or contralateral to the cutaneous
hypopigmentation.

Management. Treatment is symptom directed.

EPIDERMAL NEVUS SYNDROME

Epidermal nevus syndrome, also called linear
nevus sebaceous syndrome, refers to several
disorders that have in common an epidermal
nevus and neurological manifestations such
as seizures and hemimeganencephaly.

Clinical Features. A unilateral linear nevus is
present on the skin of the face or scalp. It
may not be visible at birth but darkens during
infancy and becomes verrucous. Hemihyper-
trophy of the face, head, and limbs ipsilateral
to the nevus may be present at birth or may
develop during infancy.

The spectrum of neurological disability is
considerable. Developmental delay and seizures
are expected. Head enlargement may be
generalized or unilateral. Focal neurological def-
icits, such as hemiplegia and hemianopia, con-
tralateral to the nevus are relatively common.
Eye abnormalities, such as microphthalmia and
coloboma, occur in one third of children.

Diagnosis. Diagnosis relies on recognition of the
linear nevus. Electroencephalography usually
shows unilateral slowing and epileptiform dis-
charges ipsilateral to the nevus; it also demon-
strates hypsarrhythmia when infantile spasms
are the initial feature (see Chapter 1). Hemi-
hypsarrhythmia may also occur.

Megalencephaly ipsilateral to the epidermal
nevus is the most frequent finding on MRI.
Several types of cerebral dysplasia may be asso-
ciated, usually ipsilateral to the epidermal
nevus. Focal pachygyria is the most common.

Management. Seizures may respond to stan-
dard anticonvulsant therapy (see Chapter 1),
but treatment is not available for the underly-
ing cerebral malformation.
Metabolic Megalencephaly

Several inborn errors of metabolism produce
megalencephaly by storing abnormal sub-
stances or by producing cerebral edema (see
Table 18-2). They are discussed elsewhere in
the text because the initial features are usually
developmental regression (see Chapter 5) or
seizures (see Chapter 1). Two exceptions are
glutaric aciduria type I (see Chapter 14) and
metabolic leukoencephalopathy with subcorti-
cal cysts. Infants with glutaric aciduria type I
are normal until 3 years of age, except for
macrocephaly, and then develop an acute
encephalitic illness that resembles encephali-
tis. Most infants with metabolic megalenceph-
aly have a normal head circumference at
birth. Head enlargement parallels neurological
regression and clinical evidence of increased
intracranial pressure. The ventricles are often
small.

Megalencephalic Leukoencephalopathy
with Subcortical Cysts

The metabolic defect in megalencephalic leu-
koencephalopathy with subcortical cysts is
unknown, but the presence of affected sibling
pairs and instances of parental consanguinity
establish autosomal recessive inheritance (van
der Knaap and Pronk, 2005).

Clinical Features. A combination of early-onset
macrocephaly, mild developmental delay, and
seizures is characteristic. The gradual devel-
opment of ataxia and spasticity follows. Extra-
pyramidal findings may develop, and mild
mental deterioration occurs late in life. The
degree of macrocephaly is variable and can
be as much as 4 to 6 SDs above the mean in
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Table 18-4 Conditions Causing
Microcephaly

Primary Microcephaly

Chromosomal disorders
Defective cellular migration
Defective neurolation

Anencephaly
Encephalocele

Defective prosencephalization
Agenesis of the corpus callosum
Holoprosencephaly (arhinencephaly)

Microcephaly vera (genetic)

Secondary Microcephaly

Intrauterine disorders
Infection
Toxins
Vascular

Perinatal brain injuries
Hypoxic-ischemic encephalopathy
Intracranial hemorrhage
Meningitis and encephalitis
Stroke
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some individuals. After the first year of life,
head growth rate normalizes and growth fol-
lows a line several centimeters above the 98th
percentile. Mental deterioration is late and
mild. Motor impairment ranges from indepen-
dent walking only during early childhood to
independent walking in the fifth decade.
Some individuals die in their teens or 20s;
others are alive in their 40s.

Diagnosis. MRI reveals severe leukoencephalop-
athy that suggests a demyelinating white mat-
ter disorder. The hemispheres appear swollen,
with cystlike spaces in the frontoparietal and
anterior temporal areas, but with relative spa-
ring of the occipital white matter. Sequence
analysis, available commercially, reveals muta-
tions in MLC1 in approximately 60% to 70% of
affected individuals.

Management. Treatment is symptomatic.

Postnatal systemic diseases

Chronic cardiopulmonary disease
Chronic renal disease
Malnutrition
Microcephaly

Microcephaly means a head circumference
that is smaller than 2 SDs below the normal
distribution. The standard for head circumfer-
ence varies among different ethnic groups. A
small head circumference indicates a small
brain. Most full-term newborns whose head
circumferences are smaller by 2 SDs, but who
are neurologically normal, will have normal
intelligence at age 7, but a head circumfer-
ence smaller by 3 SDs usually indicates later
mental retardation.

A small head circumference at birth estab-
lishes the antepartum timing of brain damage,
but does not distinguish primary from second-
ary microcephaly (Table 18-4). Primary micro-
cephaly encompasses conditions in which the
brain is small and never formed properly
because of genetic or chromosomal abnormal-
ities. Secondary microcephaly implies that the
brain was forming normally, but that a dis-
ease process impaired further growth. Normal
head circumference at birth, followed by fail-
ure of normal head growth, usually indicates
a secondary microcephaly. Chromosomal dis-
orders are an exception to that rule unless
they cause defective prosencephalization or
cellular migration.

Perinatal brain damage does not cause a
recognizable decrease in head circumference
until 3 to 6 months postpartum. Failure of
normal brain growth removes the force
keeping the cranial bones separated, and they
fuse prematurely. A primary disorder of the
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skull (craniostenosis) may cause premature
closure of the cranial sutures even though
the brain is attempting to grow normally.
The distinction between the two is relatively
simple: craniostenosis is always associated with
an abnormal skull shape and heaping up of
bone along the cranial sutures; failure of brain
growth produces a relatively normal-shaped
skull with some overlapping of skull bones.

Cranial MRI may be help to distinguish pri-
mary from secondarymicrocephaly. Inmost chil-
dren with primary microcephaly, either MRI
results are normal or a recognizable pattern of
cerebral malformation is revealed. In those with
secondary microcephaly, the brain image is usu-
ally abnormal, characterized by one or more of
the following features: ventricular enlargement,
cerebral atrophy, and porencephaly.

Primary Microcephaly

Many cerebral malformations are of uncertain
cause, and classification as primary or secondary
is not possible. Morphogenetic errors, although
lacking in the traditional stigmata of tissue injury,
could result from exposure of the embryo to a
noxious agent during the first weeks after concep-
tion. At this early stage, disorganization of the del-
icate sequencing of neuronal development could
occur when the brain is incapable of generating a
cellular response.
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MICROCEPHALY VERA (GENETIC)

The term microcephaly vera encompasses
genetic defects that decrease bulk growth of
the brain. Transmission of the defect is as an
autosomal recessive trait. Chromosomes 8,
15, and 19 have identifiable gene loci respon-
sible for primary microcephaly in different
families.

Clinical Features. Children with microcephaly
vera are usually short and have a characteristic
disproportion in size between the face and the
skull. The forehead slants backward, and the
reduced size of the skull causes the scalp to
wrinkle in the occipital region. The chin is
small, and the ears and nose are prominent.
Mental retardation is moderate to severe, and
other neurological abnormalities, such as spas-
tic diplegia and seizures, may be present.

Diagnosis. Results of brain imaging are normal.

Management. Treatment is symptomatic.

CHROMOSOMAL DISORDERS

Chromosomal disorders are not usually a
cause of microcephaly at birth unless cerebral
aplasia, such as HPE, is part of the syndrome.
Hypotonia and dysmorphism are the promi-
nent features of chromosomal disorders in
the newborn (see Chapter 5), and microceph-
aly becomes evident during infancy.

DEFECTIVE NEURULATION

At the end of the first week, a rostrocaudal axis
appears on the dorsal aspect of the embryo. This
axis is responsible for the subsequent induction
of a neural plate, the anlage of the nervous sys-
tem. The neural plate changes into a closed neu-
ral tube during the third and fourth weeks.
Defects in closure are dysraphic states. The most
rostral portion of the neural tube, the anterior
neuropore, closes at about the 24th day.

Anencephaly

Anencephaly is the result of defective closure
of the anterior neuropore, just as myelome-
ningocele is the result of defective closure of
the posterior neuropore (see Chapter 12).
The rate of each is decreasing. The cause of
the malformations and the reason for their
decrease in prevalence are unknown.

Clinical Features. Less than half of anence-
phalic children are born alive, and those who
are rarely survive the first month. The scalp is
absent, and the skull is open from the vertex
to the foramen magnum. The exposed brain
appears hemorrhagic and fibrotic. It consists
mainly of the hindbrain and parts of the dien-
cephalon; the forebrain is completely lacking.
The orbits are shallow, and the eyes protrude.
The neck is in retroflexion, and the proximal
portions of the arms seem overgrown com-
pared with the legs. The overall appearance
of the anencephalic newborn is grotesque
and described as “toadlike.”

Diagnosis. After the birth of a child with a neu-
ral tube defect, the chance of anencephaly or
myelomeningocele in subsequent pregnancies
increases twofold to fivefold. After two affected
children have been born, the chance of having
another affected child doubles again. The sec-
tion on myelomeningocele (see Chapter 12)
contains the discussion of prenatal diagnosis
of dysraphic states.

Management. Interventions that prolong life
should not be recommended.

Encephalocele

An encephalocele is a protrusion of cortex and
meninges, covered by skin, through a defect in
the skull. An encephalocele may occur in any
location; however, most are midline-occipital,
except in Asians, in whom the defects are usu-
ally midline-frontal.

Clinical Features. The size of the encephalo-
cele may range from a small protrusion to a
cyst as large as the skull. When the protrusion
is large, the skull is likely to be microcephalic.
The size of the mass does not predict its con-
tents, but an encephalocele with a sessile base
is more likely to contain cerebral tissue than is
one with a pedunculated base. Encephaloceles
rarely occur as a solitary cerebral malforma-
tion and are usually associated with abnormal-
ities of the cerebral hemispheres, cerebellum,
and midbrain.

Diagnosis. Cranial MRI is reasonably accurate
in defining the contents of the encephalocele.
Despite its midline location, the derivation of
the protruded material is usually from the
hemisphere that is smaller than the other
and is displaced across the midline by the
larger hemisphere.

Management. The contents of the encephalo-
cele and the extent of other malformations
should influence any decision to remove the
381
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encephalocele surgically. The outcome of surgi-
cal removal of an occipital meningocele, in
which the sac contains no neural tissue, is often
excellent. Children with protruded brain mate-
rial and associated malformations usually die
during infancy.

Defective Prosencephalization

The forebrain develops between 25 and 30
days’ gestation from amidline vesicle generated
from the closed anterior neuropore. Between
30 and 40 days’ gestation, bilateral cerebral vesi-
cles are formed by the cleavage and outpouch-
ing of the midline vesicle. The midline vesicle
is the primordium of the third ventricle, and
the bilateral cerebral vesicles are the primordia
of the lateral ventricles.

HOLOPROSENCEPHALY

Defective cleavage of the embryonic forebrain
leads to a spectrum of malformations. Use of
the term arhinencephaly to refer to the full
spectrum of abnormalities is common, but
HPE is a more accurate term.

Total failure of cleavage produces a small
brain with a midline vesicle covered by a
horseshoe of limbic cortex. With less severe
defects, the third ventricle and diencephalon
differentiate, and partial cleavage of the occip-
ital hemispheres occurs. The corpus callosum
is hypoplastic or absent. The minimal defect
(arhinencephaly) is the unilateral or bilateral
absence of the olfactory bulbs and tracts asso-
ciated with some degree of rhinic lobe aplasia.
Hemispheric cleavage is complete, the ventri-
cles are normal, and the corpus callosum is
present in part or in total.

Almost half of patients with HPE have a
numerical or structural chromosomal abnor-
mality. Less than one fourth of children with
monogenic HPE have a recognizable syn-
drome, and the remainder has nonsyndromic
HPE (Muenke and Gropman, 2003). An auto-
somal dominant form maps to the chromo-
some 7p36.2 locus, and a defect at the same
locus results in sacral agenesis. Abnormalities
of chromosome 13 account for most chromo-
somal abnormalities that cause HPE.

Clinical Features. Craniofacial dysplasia is usu-
ally associated, and malformations in other
organs are common. The facial deformities
are primarily in the midline (cyclopia or ocu-
lar hypotelorism, flat nose, cleft lip, and cleft
palate), and their severity is often predictive
of the severity of the brain malformation.
Associated malformations include congenital
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heart defects, clubbing of the hands or feet,
polydactyly and syndactyly, hypoplasia of the
genitourinary system, an accessory spleen and
liver, and malrotation of the intestine.

Most children with severe defects in cleav-
age of the forebrain are stillborn or die in
the neonatal period. Microcephaly, hypotonia,
apnea, and seizures are prominent features.
Hypotonia is especially severe when the defect
is associated with a chromosomal abnormality.
Infants who survive have severe intellectual,
motor, and sensory impairment. Children with
only arhinencephaly may appear physically
normal and may display minor disturbances
in neurological function such as learning dis-
abilities and seizures.

Diagnosis. Suspect HPE in every child with
midline facial deformities, especially when
malformations are present in other organs.
MRI provides excellent visualization of the
malformation. Molecular genetics testing is
available for many forms.

Management. Considering the multiplicity of
malformations, measures to extend life are
inappropriate.

AGENESIS OF THE CORPUS CALLOSUM

Anomalous development of the three telen-
cephalic commissures (the corpus callosum
and the anterior and hippocampal commis-
sures) is an almost constant feature of defec-
tive prosencephalization. The prevalence of
agenesis of the corpus callosum on CT is 2%
to 3% in North America and 7% to 9% in
Japan. Most cases are isolated malformations.
Agenesis also occurs in association with other
prosencephalic dysplasias and with some meta-
bolic defects (see “Glycine Encephalopathy” in
Chapter 1) and as a solitary genetic defect.
When only the corpus callosum is absent, the
anterior and hippocampal commissures may
be normal or enlarged. Callosal agenesis is
part of Aicardi syndrome (see Chapter 1),
Andermann syndrome (autosomal recessive
callosal agenesis, mental deficiency, and
peripheral neuropathy), and trisomies 8, 11,
and 13.

Clinical Features. Solitary agenesis of the cor-
pus callosum is clinically silent except for sub-
tle disturbances in the interhemispheric
transfer of information, for which special test-
ing is needed. Mental retardation or learning
disabilities occur in most cases, and epilepsy
usually indicates concurrent focal heterotopia.
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Diagnosis. Neuroimaging shows upward dis-
placement of the third ventricle and lateral
displacement of the lateral ventricles. Intra-
ventricular pressure is normal.

Management. Treatment is symptomatic.

DEFECTIVE CELLULAR MIGRATION

Lissencephaly is a failure of cerebral cortical
development because of defective neuroblast
migration (Uyanik et al, 2007). When neurons
that should form the superficial layers of the
cerebral cortex are unable to pass through
the already established deeper layers of neu-
rons, the cortical convolution pattern is lack-
ing (agyria) and neurons accumulate in the
white matter (heterotopia). Complete absence
of gyri causes a smooth cerebral surface (lis-
sencephaly 1), whereas incomplete gyral for-
mation reduces the number and enlarges
the size of the existing convolutions (pachy-
gyria). Neurons that come close to their cor-
tical position form a subcortical band (band
heterotopia).

The migrations of the cerebellum and the
brainstem usually are also involved, but the
embryonic corpus gangliothalamicus pathway
is not disturbed, so the thalamus and basal
ganglia form properly. Structural and meta-
bolic abnormalities of the fetal ependyma
may be important factors in disturbing the
normal development of radial glial cells.
Decreased brain size leads to microcephaly,
with widened ventricles representing a fetal
stage rather than pressure from hydrocepha-
lus and an uncovered sylvian fossa represent-
ing lack of operculation.

The second form of cortical architectural
abnormality in lissencephaly is disorganized
clusters of neurons with haphazard orientation,
forming no definite layers or predictable
pattern (lissencephaly 2). Lissencephaly 2 is asso-
ciated with several closely related genetic syn-
dromes: Walker-Warburg syndrome, Fukuyama
muscular dystrophy, muscle-eye-brain disease
of Santavuori, and Meckel-Gruber syndrome.
Microcephaly and a peculiar facies that includes
micrognathia, high forehead, thin upper lip,
short nose with anteverted nares, and low-set
ears characterize Miller-Dieker syndrome. A micro-
deletion at the 17p13.3 locus occurs in most
patients with Miller-Dieker syndrome, and dele-
tions on chromosome 17 occur in many other
lissencephaly syndromes.

Genetic transmission of lissencephaly also
occurs as an X-linked dominant trait with two
different phenotypes. Males exhibit classic
lissencephaly, whereas females show bilateral
periventricular nodular heterotopia.

Clinical Features. Referral of most children
with lissencephaly is for evaluation of develop-
mental delay or intractable myoclonic seizures.
Many initially exhibit muscular hypotonia that
later evolves into spasticity and opisthotonus.
Microcephaly is not always present, but all chil-
dren have mental retardation, epilepsy, and
cerebral palsy. Bilateral periventricular nodular
heterotopia usually presents with sporadic or
familial epilepsy and normal intelligence.
Small, isolated heterotopic cortical nodules
are an important cause of intractable epilepsy
in an otherwise normal child (see Chapter 1).

Diagnosis. Abnormal findings on MRI estab-
lish the diagnosis. A smooth cortical surface
except for rudimentary sulci (agyria) may be
limited to the parietal or frontal regions or
encompass the whole brain. The sylvian fissure
is broad and triangular, the interhemispheric
fissure is widened, and nests of gray matter
are present within the white matter. The ven-
tricles may be enlarged and the corpus callo-
sum absent. Molecular genetics testing is
available for several specific syndromes.

Management. Seizures are usually intractable,
but standard drugs for the management of
infantile spasms or myoclonic seizures may
provide partial relief (see Chapter 1). Death
often occurs during infancy, but long survival
is possible.

Secondary Microcephaly

INTRAUTERINE DISORDERS

Intrauterine infection is an established cause of
microcephaly. Cytomegalovirus infection (see
Chapter 5) can manifest as microcephaly, with-
out any features of systemic disease. Because
maternal infection is asymptomatic, such cases
are difficult to identify as being caused by cyto-
megalovirus disease. However, surveys of cyto-
megalovirus antibody demonstrate a higher
rate of seropositive individuals among micro-
cephalic than normocephalic children. This
suggests that such cases do exist.

Efforts to identify environmental toxins
that produce cerebral malformation have had
only limited success. Drugs of abuse and sev-
eral pharmaceutical agents are suspect, but
the evidence is rarely compelling. The only
absolute conclusion derived from an abun-
dance of studies is that there is a negative
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impact on fetuses of women whose lifestyle
includes some combination of heavy alcohol
or drug use, poor nutrition, and inadequate
health care. The expression of the negative
impact includes intrauterine growth retarda-
tion, dysmorphic features, and microcephaly.

Aplasia of major cerebral vessels is a rare
malformation of unknown cause. Brain tissue
that the aplastic vessels should have supplied
with blood either never forms or is infarcted
and replaced by calcified cystic cavities. The
cavities are present at birth, and their appear-
ance on CT suggests an intrauterine infection
except that the cysts conform to a vascular
distribution.

PERINATAL BRAIN INJURIES

Perinatal brain injuries are an important cause
of failure of brain growth during infancy when
the head circumference is normal at birth.
The initial features of this group of disorders
are neonatal encephalopathy and seizures
(see Chapter 1). Children with microcephaly
and mental retardation from perinatal brain
injuries always have cerebral palsy and often
have epilepsy. Microcephaly and mental retar-
dation in the absence of motor impairment
are always of prenatal origin.

POSTNATAL SYSTEMIC DISEASE

Infants who are chronically ill and malnour-
ished fail to thrive. All growth is retarded,
but usually head growth maintains itself better
than length and weight. If body size is below
the 3rd percentile, head circumference might
be at the 5th or 10th percentile. Failure to cor-
rect the systemic disturbance usually results in
brain injury, slowing of brain growth, and head
circumference falling into the microcephalic
range.
Table 18-5 Terms That Describe Head
Shapes

Acrocephaly High, tower-like head with
vertical forehead
ABNORMAL HEAD SHAPE

Whereas skull content almost exclusively
determines skull size, skull shape results from
forces acting from within and without and
the time of closure of the cranial sutures.
Brachycephaly Broad head with recessed
lower forehead

Oxycephaly Pointed head

Plagiocephaly Flattening of one side of head

Scaphocephaly
(dolicocephaly)

Abnormally long, narrow head

Trigonocephaly Triangular head with
prominent vertical ridge in
the midforehead
Intracranial Forces

The shape of the brain contributes to the
shape of the skull by influencing the time of
closure of cranial sutures. Temporal lobe
agenesis results in a narrower calvarium, and
cerebellar agenesis results in a small posterior
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fossa. Hydrocephalus produces characteristic
changes in skull shape. Large lateral ventricles
cause bowing of the forehead, and the Dandy-
Walker malformation causes bowing of the
occiput. In infants with subdural hematomas,
separation of the sagittal suture may cause
bitemporal widening.

Extracranial Forces

Constricting forces in utero, suchas a bicornuate
uterus or multiple fetuses, may influence head
shape. Physical constraint of the skull in utero
may contribute to premature closure of a cranial
suture, but perinatal and postnatal constraints
do not. Molding of the skull is common during
a prolonged vaginal delivery, but the closure of
cranial sutures is unaffected. Molding does not
influence eventual head shape.

In premature infants, scaphocephaly (Table
18-5) often develops because the poorly miner-
alized skull flattens on one side and then the
other with turning of the child from side to
side. The shape of the skull becomes normal
with maturity.

Plagiocephaly or occipital flattening is the
rule in normal infants who always sleep on
their backs, and especially frequent in hypo-
tonic infants who constantly lie in the same
position. The hair over the flattened portion
of skull is usually sparse from rubbing against
the bed surface. A normal head shape returns
by changing the infant’s position.

Craniostenosis

Craniostenosis and craniosynostosis are terms for
premature closure of one or more cranial
sutures; the result is always an abnormal skull
shape. These terms are only applicable to
infants in whom the sutures close while the
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brain is growing. Early closure of sutures in
infants with microcephaly is not premature
because the intracranial pressure required to
keep sutures apart is lacking.

Most cases of craniostenosis are sporadic
and of uncertain etiology. Autosomal domi-
nant and recessive forms of single-suture clo-
sure occur. Autosomal dominant inheritance
is more common than autosomal recessive
inheritance, but is also more easily identifiable
as hereditary. Many sporadic cases could rep-
resent autosomal recessive inheritance.

Craniostenosis may be one feature of a larger
recognized syndrome of chromosomal or gene-
tic abnormality. Many of the genetic disorders
are secondary to mutations of fibroblast growth
factor receptor. Table 18-6 summarizes these dis-
orders (Robin et al, 2007). Fibroblast growth
factor receptor disorders are often associated
with syndactyly or polydactyly (see “Acrocepha-
losyndactyly”), whereas chromosomal disorders
are usually characterized by other limb malfor-
mations and growth retardation.

Craniostenosis is also associated with other
disorders. Some of these associations are coin-
cidental, but a cause-and-effect relationship
probably does exist with metabolic disorders
of bone.

Clinical Features. In nonsyndromic cranioste-
nosis, the only clinical feature is an abnormal
head shape. Normal bone growth is impaired
in a plane perpendicular to the fused sutures
but is able to occur in a parallel plane. The
cause of scaphocephaly is premature fusion of
Table 18-6 Distinguishing Clinical Features in th

Disorder Thumbs Hands

Muenke syndrome Normal � Carpal
Crouzon syndrome Normal Normal
Crouzon syndrome

with acanthosis
nigricans (AN)

Normal Normal

Jackson-Weiss
syndrome

Normal Variable

Apert syndrome Occasionally
fused to fingers

Bone syn

Pfeiffer syndrome Broad, medially
deviated

Variable
brachy

Beare-Stevenson
syndrome

Normal Normal

FGFR2-related isolated
coronal synostosis

Normal Normal

�, with or without.
From Robin NH, Falk MJ, Haldeman-Englert CR: FGFR-re
Genetic Knowledge Base [online database]. Seattle, University of
geneclinics.org.
the sagittal suture, brachycephaly is premature
fusion of both coronal sutures, plagiocephaly
is premature fusion of one coronal or one lamb-
doid suture, trigonocephaly is premature fu-
sion of the metopic suture, and oxycephaly is
premature fusion of all sutures. When several
sutures close prematurely, the growing brain is
constricted and symptoms of increased intra-
cranial pressure develop. Communicating and
noncommunicatinghydrocephalus occursmore
frequently in children with craniostenosis than
in normal children. It is more likely that a com-
mon underlying factor causes both rather than
one causing the other. Two-suture cranioste-
nosis is common. The sagittal suture is usually
involved, in combination with either the
metopic or the coronal suture.

Diagnosis. Visual inspection of the skull and
palpation of the sutures are sufficient for diag-
nosis in most cases of one- or two-suture cranios-
tenosis. Radiography of the skull shows a band
of increased density at the site of the prema-
turely closed sutures. All childrenwith cranioste-
nosis of multiple sutures and children with
craniostenosis of a single suture and suspected
hydrocephalus require an imaging study of
the head.

Management. The two indications for surgery
to correct craniostenosis are to improve the
appearance of the head and to relieve increased
intracranial pressure. The cosmetic indication
should be used sparingly and only to make
severe deformities less noticeable.
e FGFR-Related Craniosynostosis Syndromes

Great Toes Feet

fusion � Broad � Tarsal fusion
Normal Normal
Normal Normal

Broad, medially
deviated

Abnormal
tarsals

dactyly Occasionally
fused to toes

Bone syndactyly

dactyly
Broad, medially

deviated
Variable

brachydactyly
Normal Normal

Normal Normal

lated craniosynostosis syndromes. In GeneClinics: Medical
Washington, September 27, 2007. Available at: http://www.
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Acrocephalosyndactyly

The combination of craniostenosis and fusion
of fingers and toes characterizes acrocephalo-
syndactyly. Some degree of mental retardation
is often present.

Apert syndrome is syndactyly andpremature clo-
sure of the coronal suture resulting in brachy-
cephaly. The gene abnormality, inherited as a
dominant trait, is a mutation in the gene encod-
ing fibroblast growth factor receptor 2 (10q26).
The forehead is high and prominent, and the
face is similar to but less severely deformed than
the face in Crouzon disease. Agenesis of the cor-
pus callosum and limbic structures may be an
associated feature. The IQ is greater than 70 in
50%of the childrenwhohave a skull decompres-
sion before 1 year of age versus only 7% in those
operated on later in life (Reiner et al, 1996).

Carpenter syndrome differs from Apert syn-
drome because transmission is by autosomal
recessive inheritance, and polydactyly and syn-
dactyly are associated with premature closure
of all sutures, obesity, and hypogonadism.
Approximately 75% of patients are retarded
secondary to cerebral malformations that are
demonstrable on MRI.

Crouzon Disease
(Craniofacial Dysostosis)

Crouzon disease is the combination of prema-
ture closure of any or all cranial sutures and
maldevelopment of facial bones. Transmission
is by autosomal dominant inheritance.

Clinical Features. The facial deformity is pres-
ent at birth and becomes worse during infancy.
The skull is usually widened anteriorly second-
ary to premature closure of the coronal suture.
The eyes are widely separated and prominent,
but the lower face appears recessed because of
maxillary hypoplasia and prognathism. Adding
to the deformity are a beaklike nose and a large,
protuberant tongue. Intracranial pressure
often increases because several cranial sutures
are usually involved.

Diagnosis. The typical facies and genetic pat-
tern of inheritance are diagnostic. Head CT
or MRI is useful to follow the progression of
cerebral compression.
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Management. A sequential neurosurgical and
plastic surgical approach has been successful
in opening the sutures to relieve intracranial
pressure and in advancing the facial bones for-
ward to improve the cosmetic appearance.
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Acrocephalosyndactyly, 386
Acrocephaly, 384t
Acute anoxia, 53–54
Acute ataxias, 227–237, 227t
Acute ataxic neuropathy, 233
Acute bilateral ophthalmoplegia, 323–324
Acute cerebellar ataxia, 232–233
Acute confusional migraine, 71–72
Acute disseminated encephalomyelitis, 62–64
Acute generalized weakness, 196–200
Acute hemiplegia, 250–263, 251t
Acute idiopathic pleuritis, 286–287
Acute infectious myositis, 197
Acute inflammatory demyelinating

polyradiculopathy, 197–198
Acute intermittent porphyria, 224
Acute ischemia, 53–54
Acute monocular or binocular blindness, 336–341
Acute motor axonal neuropathy, 198
Acute symptomatic plexitis, 287–290
Acute unilateral ophthalmoplegia, 317–323, 317t
Acute uremic encephalopathy, 68–69
Acyclovir, for herpes simplex encephalitis, 13, 61
Adenoma, pituitary, 343
Adenosine diphosphate phosphorylation, 209
Adenosine triphosphate (ATP) replenishment, 209
Adie syndrome, 346
Adrenal disorders, 66
Adrenoleukodystrophy, 150–151
neonatal, 160

Adrenomyeloneuropathy, 275–276
Adverse effects
of carbamazepine, 40
of clonazepam, 40
of ethosuximide, 40
of felbamate, 40–41
of lamotrigine, 41
of levetiracetam, 41
of phenobarbital, 41–42
of phenytoin, 42
of primidone, 42
of tiagabine, 42
of topiramate, 42
of valproate, 43
of vigabatrin, 43

Adverse reactions, to antiepileptic drugs, 38–39
a-fetoprotein, 271
Agenesis of corpus callosum, 382–383
Agitation, causes of, 50t
Aglucosidase alfa, for acid maltase deficiency,

174–175
Aicardi syndrome, 19
AIDS. See Acquired immunodeficiency syndrome

(AIDS)
Akathisia, 293
Albers-Schönberg disease, 354
Alcohol abuse, 74
Alexander disease, 137
“Alice in Wonderland” syndrome, 82
Allopurinol, for Lesch-Nyhan disease, 141
Alpers-Huttenlocher syndrome, 137
ALS. See Amyotrophic lateral sclerosis (ALS)
Alternating hemiplegia, 251–252
Amantadine, for rigidity in Huntington disease, 149
Amaurosis, Leber congenital, 343–344
Amblyopia, developmental, 313
Amino acid metabolism disorders, 128–131
Aminoacidopathies, seizures and, 5–7
Aminoglycosides, for bacterial meningitis, 109
Amitriptyline
for analgesic rebound headache, 86
for caffeine headache, 87
for migraine, 84

Ammonia metabolism, 6f
Amnesia, transient global, 72
Amphetamine abuse, 74
Amphotericin B
for candidal meningoencephalitis, 114
387



Index
Amphotericin B (Cont.)
for coccidioidomycosis, 114–115, 114t
for cryptococcal meningitis, 115

Ampicillin, for bacterial meningitis, 109
Amyotrophic lateral sclerosis (ALS), 190
Amyotrophy
asthmatic, 287
benign focal, 285
monomelic, 285
neuralgic, 286

Analgesic rebound headache, 86
Anatomical megalencephaly, 370t, 377–379
Andersen-Tawil syndrome, 202
Anencephaly, 381
Aneurysms
arterial, 106–107
ophthalmoplegia and, 317–318

Angitis, isolated, of central nervous system, 261
Anhidrosis, hereditary insensitivity to pain, 223–224
Anhidrotic ectodermal dysplasia, 334
Aniridia, 345
Anisocoria, benign essential, 345
Anoxia, acute, 53–54
Anterior fontanelle, intracranial pressure and, 95
Anticholinesterase therapy, or ocularmyasthenia, 321
Antidepressants, overdose of, 74
Antidiuretic hormone secretion, syndrome of

inappropriate, 65–66
Antiepileptic drugs. See also specific drugs
adverse reactions to, 38–39
blood concentrations of, 38, 39t
discontinuing, 37–38
half-lives of, 38, 39t
indications for, 37
initial doses of, 39t
for newborns, 15–16
principles of therapy with, 38–39
in seizure management, 37–43
selection of, 39–43
target doses of, 39t

Apert syndrome, 385t
Aphasia, acquired epileptiform, 31–32
Aplasia
depressor anguli oris muscle, 350
facial muscle, 350
of inner ear, 359
vermal, 241

Apnea
in infants, 16–18
in newborns, 3

Apneic seizures, in infants, 16–17
Apoplexy, pituitary, 340
Apraxia
congenital ocular motor, 325
congenital vertical ocular motor, 326
of horizontal gaze, 325
oculomotor
38
type 1, ataxia with, 244
type 2, ataxia with, 244
Aqueductal stenosis, congenital, 372–373, 373f
Arachnoid cysts
intracranial, 104
paraplegia and, 268
8

Arboviral encephalitis, 58–60
Arginase deficiency, 6–7, 276
Arginine, for urea cycle disorders, 7
L-arginine, for MELAS, 259
Argininemia, 6–7
Argininosuccinic acidemia, 6–7
Arm pain syndromes, 219–221
Arterial aneurysms, 106–107
Arterial border zone infarction, 249
Arteriovenous malformations, 107–108, 253, 269
Arteritis, Takayasu, 261–262
Arthrogryposis, 153, 154t
neurogenic, 165

Arthropod-borne encephalitis, 58–60
Arylsulfatase A deficiency, 145–146
Aseptic meningitis, 58
Aspartoacylase deficiency, 142–143
Asperger disorder, 120
Assessment of visual acuity, 333
Asthmatic amyotrophy, 287
Astrocytoma, 100–102
cerebellar, 237–238
paraplegia and, 280

Ataxia(s)
abetalipoproteinemia and, 243
acetazolamide-responsive, 229
acute, 227–237, 227t
acute cerebellar, 232–233
astrocytoma and, 237–238
autosomal dominant progressive, 242–243
autosomal recessive progressive, 243–246
basilar impression and, 240
benign paroxysmal vertigo and, 232
brain tumors and, 228, 237–240
with central nervous system hypomyelination and

vanishing white matter, 227, 235
cerebellar astrocytoma and, 237–238
cerebellar hemangioblastoma and, 238
cerebellar malformations and, 240–241
Chiari malformations and, 241
chronic, 228t, 237–246
concussion and, 236
conversion reaction and, 228
dominant recurrent, 228–229
drug ingestion and, 229–230
encephalitis and, 230
ependymoma and, 238–239
epileptic, 235
episodic

type 1, 228–229
type 2, 229

Friedreich, 244–245
GM2 gangliosidosis and, 245
Hartnup disease and, 230
hemisphere hypoplasia and, 240–241
hypobetalipoproteinemia and, 242–243
inborn errors of metabolism and, 230–231
Kawasaki disease and, 236
maple syrup urine disease and, 230–231
Marinesco-Sjögren syndrome and, 245–246
medulloblastoma and, 239–240
migraine and, 231–232
Miller Fisher syndrome and, 233
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Ataxia(s) (Cont.)
multiple sclerosis and, 233–234
myoclonic encephalopathy and, 234–235
neuroblastoma syndrome and, 234–235
with oculomotor apraxia

type 1, 244
type 2, 244

paroxysmal, type 1, 228–229
postconcussion syndrome and, 236
progressive, 228t, 237–246
progressive hereditary, 242–246
pseudoataxia, 235
pyruvate dehydrogenase deficiency and, 231
recurrent, 227–237, 227t
spinocerebellar degeneration and, 242
trauma and, 236
vascular disorders and, 236–237
vermal aplasia and, 241
vertebrobasilar occlusion and, 236–237
von Hippel-Lindau disease and, 238
X-linked cerebellar hypoplasia and, 241
X-linked inheritance and, 246

Ataxia-telangiectasia, 243
Ataxic gait, 227
Ataxic neuropathy, acute, 233
Atelencephaly, seizure patterns in, 1
Athetosis, 293–298
Atlantoaxial dislocation, 269–270
Audiometry, pure tone, 358
Auditory dysfunction symptoms, 357
Aura, migraine with, 82–83
Autistic spectrum disorders, 120–121
Automatisms, 28
Autonomic neuropathies, hereditary, 222–224
Autosomal dominant childhood-onset distal

myopathy, 194
Autosomal dominant nocturnal frontal lobe

epilepsy, 32
Autosomal dominant progressive ataxia, 242–243, 242t
Autosomal dominant spinal muscular atrophy, 180
Autosomal recessive distal myopathy, 194–195
Autosomal recessive progressive ataxia, 243–246
Autosomal recessive spinal muscular atrophy,

179–180
Autosomal syndromes, 122t
Axonal neuropathy, idiopathic, 193
Azidothymidine, for HIV infection, 127

B
Baclofen, for dystonia in Leigh disease, 138
Baclofen pump, 283
Bacterial infections, causing altered consciousness,

55–56
Bacterial meningitis, 108–113
Bad news, to parents, 126
Ballismus, 294
Bardet-Biedl syndrome, 344–345
Bartonella henselae, 55
Basilar impression, 240
Basilar migraine, 231–232
Batten disease, 148, 148t
Beare-Stevenson syndrome, 385t
Becker muscular dystrophy, 183–184
Bell palsy, 351–352
Benign childhood epilepsy with centrotemporal

spikes, 33
Benign congenital hypotonia, 157
Benign enlargement of subarachnoid space, 371,

371f, 372f
Benign essential anisocoria, 345
Benign exertional headache, 86
Benign familial chorea, 296
Benign familial macrocephaly, 377–378
Benign familial neonatal seizures, 7
Benign focal amyotrophy, 285
Benign myoclonic epilepsy, 21
Benign myoclonus of infancy, 21
Benign nocturnal myoclonus, 1t, 3
Benign occipital epilepsy of childhood, 32–33
Benign paroxysmal torticollis, 300
Benign paroxysmal vertigo, 23, 232
Benign rolandic epilepsy, 33–34
Benzhexol, for dystonia in Leigh disease, 138
Betaine, for homocystinuria, 129
Bethlem myopathy, 182
Bilateral hippocampal sclerosis, 121
Bilateral ophthalmoplegia
acute, 323–324
chronic, 324–325

Bilateral striatal necrosis, 303–304
Bilateral transtentorial herniation, 98
Bilirubin encephalopathy, 7–8
Binocular blindness, acute, 336–341
Binocular vision, 313
Biopsy
muscle, in hypotonia diagnosis, 163
nerve, in hypotonia diagnosis, 163

Biotin, for biotinidase deficiency, 22
Biotinidase deficiency, 22
Blastomycosis, 115
Blepharospasm, 299
Blindness
acute, 336–341

causes of, 337t

congenital, 333–336
cortical, 336–338
hypoglycemia and, 337
hysterical, 338
progressive, 341–345
causes of, 337t

transitory post-traumatic cerebral, 337–338
Blink response, 333
Bloch-Sulzberger syndrome, 14–15
Blood concentrations, of antiepileptic drugs, 38, 39t
Blood flow, cerebral, increased intracranial pressure

and, 94
B6-nonresponsive homocystinuria, 128
Borrelia burgdorferi, 56
Botox. See Botulinum toxin
Botulinum toxin
for dystonia in Leigh disease, 138
for hemifacial spasm, 305
for hereditary spastic paraplegia, 273

Botulism, 199–200
infantile, 167
ocular motility disorders and, 323
389
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Brachial monoplegia, chronic progressive, 285
Brachial neuropathy, neonatal traumatic, 288–289
Brachial plexitis, 286
Brachial plexopathy, hereditary, 287–288
Brachial plexus injuries, 289–290
Brachycephaly, 384t
Brain abscess, 112–113
Brain death, 54, 55t
Brainstem auditory evoked response, 358–359
Brainstem glioma, 318, 318f
Brain tumors
ataxia and, 228, 237–240
congenital, 375
foramen magnum, 221
hemiplegia and, 253, 263
intracranial pressure and, 99–104

Branched-chain ketoacid dehydrogenase, in maple
syrup urine disease, 5, 5f

Breath-holding spells, in infants, 17–18
Breech presentation injuries, 161–162
B6-responsive homocystinuria, 128
Brody myopathy, 214
Bromocriptine, for rigidity in Huntington disease,

149
Brown syndrome, 315
Bulbar palsy, progressive juvenile, 353
Burn encephalopathy, 70

C
Caffeine headache, 87
Calcinosis universalis, 186
California-La Crosse encephalitis, 59
Caloric testing, 364–365
Camptodactyly, 160
Canavan disease, 142–143
Candidal meningoencephalitis, 113–114
Capsular stroke, 257
Carbamazepine, 39t
for absence epilepsy, 28
administration of, 40
adverse effects of, 40
for complex partial seizures, 29
for familial paroxysmal choreoathetosis, 24
indications for, 39–40
for myotonic dystrophy, 196
selection of, 39–40
for severe myoclonic epilepsy of infancy, 22
for temporal lobe epilepsy, 35

Carbamyl phosphate synthetase deficiency, 6–7
Carbatrol. See Carbamazepine
Carbenicillin, for bacterial meningitis, 109
Carbohydrate-deficient glycoprotein syndromes,

136
Carbohydrate myopathies, 187–188
Carbohydrates, porphyria and, 224
Carbohydrate utilization defects, 210–211
Cardiopulmonary bypass surgery, 294–295
L-carnitine
for carnitine deficiency, 68, 188
for glycine encephalopathy, 6
for isovaleric acidemia, 11
for MELAS, 259
for propionic acidemia, 12
390
Carnitine deficiency, 68t, 188
Carnitine palmitoyl transferase 2 deficiency, 211
Carotid artery disorders, 253–254
Carotid artery trauma, 254
Carotid-cavernous sinus fistula, 318–319
Carpenter syndrome, 386
Cataplexy, 25
Cataract
congenital, 334–335
etiology, 334t

CATCH phenotype, 9
Cat-scratch disease, 55
Caudal regression syndrome, 270
Caveolinopathies, 216–217
Cavernous sinus thrombosis, 319
Cefotaxime, for bacterial meningitis, 109
Ceftriaxone, for Lyme disease, 57
Cellular migration, defective, 383
Central congenital insensitivity to pain, 221
Central core disease, 169, 169f
Central retinal artery occlusion, 340–341
Central vertigo, 365t
Centronuclear myopathy, 170–171
Cephalic presentation injuries, 162
Ceramide deficiency, 131
Cerebellar astrocytoma, 237–238
Cerebellar ataxia, acute, 232–233
Cerebellar hemangioblastoma, 238
Cerebellar hemorrhage, ataxia and, 236
Cerebellar herniation, 98
Cerebellar hypoplasia, X-linked, 241
Cerebellar malformations, 240–241
Cerebral artery infarction, 258
Cerebral blood flow, increased intracranial pressure

and, 94
Cerebral cysticercosis, 31
Cerebral edema, 94
Cerebral gigantism, 378
Cerebral hypotonia, 154t, 156–161, 156t
Cerebral infarction. See Stroke
Cerebral malformations, 123
Cerebral palsy
disorders misdiagnosed as, 282t
hemiplegic, 249–250
paraplegia/quadriplegia and, 281–283

Cerebral paraplegia, 281–283
Cerebral perfusion pressure, 94
Cerebral venous thrombosis, idiopathic, 13
Cerebrohepatorenal syndrome, 160
Cerebrospinal fluid (CSF), in increased intracranial

pressure, 93–94
Cerebrotendinous xanthomatosis, 151
Cerebrovascular disease, hemiplegia and, 252–254
Cerezyme. See Imiglucerase
Ceroid lipofuscinosis, 148–149
Cervical infections, 253–254
Cervical spinal muscular atrophy, congenital, 165
Cervical syringomyelia, 226f
Charcot-Marie-Tooth disease, 190–192
type 4, 191
type X, 191–192

Chenodeoxycholic acid, for cerebrotendinous
xanthomatosis, 151
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Chiari malformations, 241, 242f, 270
Childhood ataxia with central nervous system

hypomyelination and vanishing white
matter, 235

Childhood epilepsy. See also Epilepsy
benign, with centrotemporal spikes, 33
with occipital paroxysms, 32–33

Children
absence epilepsy in, 27–28, 28f
acquired epileptiform aphasia in, 31–32
acquired epileptiform opercula syndrome in, 32
complex partial seizures in, 28–29
electrical status epilepticus during slow-wave

sleep in, 34
epilepsia partialis continua in, 34
eyelid myoclonia in, 29
familial paroxysmal choreoathetosis in, 24
familial paroxysmal nonkinesiogenic dyskinesia

in, 24
generalized seizures, 35–37
hypoventilation syndrome in, 24
increased intracranial pressure in, 95–96
Jeavons syndrome in, 29
Lafora disease in, 30
Landau-Kleffner syndrome in, 31–32
meningitis in, 109–111
myoclonic seizures in, 29–31
narcolepsy-cataplexy in, 24–25
night terrors in, 25–26
Panayiotopoulos syndrome in, 33
paroxysmal disorders in, 23–37
paroxysmal dyskinesias in, 23–24
partial seizures in, 31–35
pseudoseizures in, 36–37
Rasmussen syndrome in, 34–35
reading epilepsy in, 35
sleep disorders in, 24–26
sleepwalking in, 25–26
staring spells in, 27–29
syncope in, 26–27
temporal lobe epilepsy in, 35
Unverricht-Lundborg disease in, 30–31
video game-induced seizures in, 37

Chloramphenicol
for brain abscess, 112
for Rocky Mountain spotted fever, 57

Chlorocresol, 356
Chlorpromazine
for migraine, 72
for newborn drug withdrawal, 8

Cholinesterase inhibitors, for slow-channel
syndrome, 182

Chondrodysplasia punctata, 160
Chorea, 293–298
Chorea gravidarum, 297
Choreoacanthocytosis, 296–297
Choreoathetosis, familial paroxysmal, 24
Choriomeningitis, congenital lymphocytic, 124
Choroid plexus, 93
papilloma of, 93
tumors of, 99–100

Chromosomal disorders, hypotonia and, 157–159
Chromosomal disturbances, 122–123
Chronic ataxia, 228t, 237–246
Chronic bilateral ophthalmoplegia, 324–325
Chronic hypoxia, 53
Chronic inflammatory demyelinating

polyradiculopathy, 198
Chronic low-grade headaches, 86–88
Chronic nonprogressive encephalopathy, 159
Chronic paroxysmal hemicrania, 85–86
Chronic progressive brachial monoplegia, 285
Chronic progressive hemiplegia, 263–264
Chronic uremic encephalopathy, 69
Cidofovir, for cytomegalic inclusion disease, 124
Circumference, measurement of head, 369
Citrullinemia, 6–7
CK. See Creatine kinase (CK)
Clonazepam, 39t
for absence epilepsy, 28
administration of, 40
for downbeat nystagmus, 330
for familial paroxysmal nonkinesiogenic

dyskinesia, 24
indications for, 40
for infantile spasms, 21
for juvenile myoclonic epilepsy, 30
for Lennox-Gastaut syndrome, 23
for restless legs syndrome, 307
for stiff infant syndrome, 26

Clonopin. See Clonazepam
Closed head injuries, 76–77
Cluster headache, 85
CMUA. See Continuous motor unit activity (CMUA)
Cobalamin, for methylmalonic acidemia, 11
Cocaine abuse, 108, 254
Coccidioidomycosis, 114–115
Cockayne syndrome, 192, 345
Coenzyme Q, 212
Coenzyme Q10, for MELAS, 259
Coloboma, 336
Coma
causes of, 51t
diagnostic approach to, 52–53
Glasgow scale, 76t
high road to, 49
history in, 52–53
laboratory investigations for, 53
low road to, 49
migraine, 72
physical examination in, 52–53

Commissurotomy, interhemispheric, 46
Communicating hydrocephalus, 112, 370–372, 370t
Complex partial seizures, 28–29
Complex regional pain syndrome I (CRPS), 220
Complicated migraine, 262
Compressed vertebral body fractures, 278
Compressive optic neuropathy, 341–343
Concussion, 75–76, 236
of spinal cord, 279–280

Confusion, causes of, 50t
Confusional migraine, acute, 71–72
Congenital aqueductal stenosis, 372–373, 373f
Congenital bilateral perisylvian syndrome, 349, 350f
Congenital blindness, 333–336
Congenital brain tumors, 375
391
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Congenital cataract, 334–335
Congenital cervical spinal muscular atrophy, 165
Congenital deafness, 359–361
Congenital dysphagia, 349–350
Congenital dystrophinopathy, 171
Congenital facial asymmetry, 350–351
Congenital fiber-type disproportion myopathy,

168–170, 168f
Congenital fibrosis of extraocular muscles, 315–316
Congenital heart disease, 255–256
Congenital hemisphere hypoplasia, 240–241
Congenital hypomyelinating neuropathy, 166
Congenital hypotonia, benign, 157
Congenital insensitivity to pain, 221
Congenital lymphocytic choriomeningitis, 124
Congenital midline porencephaly, 377
Congenital muscular dystrophy, 172–173
Congenital myasthenia gravis, 316
Congenital myasthenic syndromes, 167–168
Congenital myopathies, 168–171
Congenital myotonic dystrophy, 173–174, 174f
Congenital nystagmus, 328
Congenital ocular motor apraxia, 325
Congenital ophthalmoplegia, 314–317
Congenital optic nerve hypoplasia, 335–336, 336f
Congenital ptosis, 316–317
Congenital renal hypoplasia, 69
Congenital syphilis, 123
Congenital vertical ocular motor apraxia, 326
Connective tissue disorders, headache and, 88–89
Consciousness, states of decreased, 49t
Continuous motor unit activity (CMUA), 205t,

206–207
Contractures, joint, 153
Convergence insufficiency, 327
Convergence paralysis, 327
Conversion reaction, 228
Copper, in Menkes syndrome, 142
Copper chloride, for Menkes syndrome, 142
Copper histidine, for Menkes syndrome, 142
Corneal clouding, 334t
Corpus callosum agenesis, 382–383
Cortical blindness, 336–338
Corticosteroid-induced quadriplegia, 200
Corticosteroids
for acquired epileptiform aphasia, 32
for adrenoleukodystrophy, 151
for brain abscess, 112
for calcinosis universalis, 186–187
for diffuse encephalomyelitis, 278
for empyema, 113
intracranial pressure and, 98
for multiple sclerosis, 234
for polymyositis, 187
psychosis from, 73
for systemic lupus erythematosus, 71

Corticotropin, for infantile spasms, 20
Coxsackievirus, 198
Cramp(s), 205
on exercise, 183
familial X-linked myalgia and, 215
myopathic, 214–217
in myophosphorylase deficiency, 210
392
Cramp(s) (Cont.)
in neuromyotonia, 207
tubular aggregates and, 214–215

autosomal dominant cases of, 215
sporadic cases of, 215

in uremia, 209
Cranial nerve palsy, idiopathic, 319
Cranial polyneuropathy, idiopathic, 352
Craniofacial dysostosis, 386
Craniopharyngioma, 341–342
Craniostenosis, 384–386
Creatine kinase (CK), 162–163
Creatine monohydrate, for guanidinoacetate

methyltransferase deficiency, 128
Creatine supplementation, for myophosphorylase

deficiency, 211
Crouzon syndrome, 385t, 386
CRPS. See Complex regional pain syndrome I

(CRPS)
Cryptococcal meningitis, 115
CSF. See Cerebrospinal fluid (CSF)
Cyanotic syncope, in infants, 17
Cyclosporine encephalopathy, 73
Cysticercosis, cerebral, 31
Cystic fibrosis, 53
Cytochrome-c oxidase deficiency, 165–166
Cytomegalic inclusion disease, 123–124

D
Dandy-Walker syndrome, 373–374, 374f
Daraprim. See Pyrimethamine
Daydreaming, 27
Dazzle reflex, 333
Deafness, 356–363, 361t
Deafness-dystonia-optic neuropathy syndrome, 361
Death, brain, 54, 55t
Decarboxylase inhibitor, for thalamic pain, 226
Decerebrate posturing, 3
Decreased muscle energy, diseases with, 206t,

209–214
Deep midline malformations, 107–108
Defective cellular migration, 383
Defective neurulation, 381
Defective prosencephalization, 382–383
Delayed motor development, 121
Delayed postanoxic encephalopathy, 54
Delirium
history in, 50
laboratory investigations in, 50–51
physical examination in, 50

Delirium, diagnostic approach to, 49–51
Delusion, 49
De Morsier syndrome, 335
Demyelinating Charcot-Marie-Tooth disease,

190–191
Demyelinating polyradiculopathy, acute

inflammatory, 197–198
Denver Developmental Screening Test, 119
Depacon. See Valproate
Depakene. See Valproate
Depakote. See Valproate
Depressor anguli oris muscle aplasia, 350
Dermal sinus, 272
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Dermatan sulfate, for Sly disease, 146
Dermatomal distribution, of nerve root pain, 219
Dermatomyositis, 185–187, 186f
Developmental amblyopia, 313
Developmental delay, 119–126
Devic disease, 276–278
Dexamethasone
for astrocytoma, 102
for primitive neuroectodermal tumors, 103

DGS. See DiGeorge syndrome (DGS)
Diabetes mellitus, 254–255
Diabetic ketoacidosis, 64–65
Dialysis dementia syndrome, 69–70
Dialysis encephalopathy, 69
Diaminopyridine, for myasthenic syndromes, 168
Diastematomyelia, 272, 272f
Diazepam, for glycine encephalopathy, 6
Didanosine, for HIV infection, 127
Diencephalic glioma, 342–343
Diet, ketogenic, 44–45, 231
Diffuse encephalomyelitis, 276, 278
DiGeorge syndrome (DGS), 9
Dihydroergotamine, for migraine, 84
Dilantin. See Phenytoin
Diphtheria, 355
Diplegia, spastic, 282–283
Diplomyelia, 272f
Diplopia, 95
Diskitis, 274–275, 274f
Disk space infection, 274–275, 274f
Dislocation, of vertebral column, 279
Disorders of amino acid metabolism, 128–131
Dissociated nystagmus, 330–331
Distal myopathies, hereditary, 194–196
Distal spinal muscular atrophy, 190
Distal weakness, progressive, 189–196, 189t
Disturbed night sleep, 25
Diuretics, osmotic, 98
Divergence nystagmus, 330
DMD. See Duchenne muscular dystrophy (DMD)
Dolichocephaly, 384t
Dominant recurrent ataxias, 228–229
Dopa-responsive dystonia, 301
Downbeat nystagmus, 330
Down syndrome, atlantoaxial dislocation in, 269
Doxycycline, for Lyme disease, 57
Drug-induced chorea, 295–296
Drug-induced dystonia, 298–299
Drug-induced hearing impairment, 362
Drug-induced neuropathy, 193
Drug-induced nystagmus, 329
Drug ingestion, ataxia and, 229–230
Drug overdoses, prescription, 73–74
Drugs, antiepileptic. See also specific drugs
adverse reactions to, 38–39
blood concentrations of, 38, 39t
discontinuing, 37–38
half-lives of, 38, 39t
indications for, 37
initial doses of, 39t
for newborns, 15–16
principles of therapy with, 38–39
in seizure management, 37–43
Drugs, antiepileptic (Cont.)
selection of, 39–43
target doses of, 39t

Drug withdrawal, in newborns, 8–9
Drusen, 96, 97f
Duchenne muscular dystrophy (DMD), 178,

183–184, 184f
Dysautonomia, familial, 159
Dysesthesias, in migraine, 82
Dysesthetic pain, 219
Dyskinesia(s)
paroxysmal, 23–24
tardive, 294, 295–296

Dysphagia
congenital, 349–350
facial, 347–356
neurological causes of, 349t

Dystonia(s)
differential diagnosis of, 299t
dopa-responsive, 301
drug-induced, 298–299
focal, 299–300
generalized genetic, 301–305
idiopathic, 303
movement disorders and, 298–305
rapid-onset dystonia-parkinsonism, 304
symptomatic generalized, 304–305
tardive, 299

Dystonia, nocturnal paroxysmal, 293
Dystonic head tremor, paroxysmal, 310
Dystrophinopathy(ies), 183–184
congenital, 171

E
Early epileptic encephalopathy, 21–22
Early-infantile neuronal ceroid

lipofuscinosis, 140
Early-juvenile ceroid lipofuscinosis, 148
Eastern equine encephalitis, 59
Echovirus, 198
Edema
cerebral, 94
vasogenic, 94

Edrophonium chloride, 163, 320–321
Electrical status epilepticus during slow-wave

sleep, 34
Electroencephalogram (EEG)
absence epilepsy on, 27–28, 28f
acquired epileptiform aphasia on, 31–32
benign myoclonus on, 20t
complex partial seizures on, 29
daydreaming on, 27
in delirium evaluation, 51
dialysis dementia syndrome on, 70
generalized seizures on, 36
glycine encephalopathy on, 6
infantile spasms on, 20
juvenile myoclonic epilepsy on, 30f
Lennox-Gastaut syndrome on, 20t, 23
myoclonic seizures of infancy on, 20t
newborn focal clonic seizures on, 2
newborn multifocal clonic seizures on, 2
Panayiotopoulos syndrome on, 33
393
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Electroencephalogram (EEG) (Cont.)
pentobarbital coma on, 45f
Rasmussen syndrome in, 34–35

Electromyography (EMG)
cramps on, 205
in hypotonia diagnosis, 163
in muscle stiffness, 206t
myotonia congenita on, 208
myotonia fluctuans on, 208
in neuropathy, 189t

Eletriptan, for migraine, 84
Emergent withdrawal syndrome, 296
Emery-Dreifuss muscular dystrophy
type 1, 196
type 2, 196
type 3, 196

EMG. See Electromyography (EMG)
Encephalitis
arboviral, 58–60
ataxia and, 230
California-La Crosse, 59
Eastern equine, 59
herpes simplex, 12–13, 60–61, 61f
Japanese B, 59
measles, 61–62
rubeola, 61–62
St. Louis, 59–60
West Nile virus, 60

Encephalocele, 381–382
Encephalomyelitis
acute disseminated, 62–64
diffuse, 278

Encephalomyopathies, mitochondrial, 149–150
Encephalopathy(ies)
acquired immunodeficiency syndrome, 127
acute uremic, 68–69
bilirubin, 7–8
burn, 70
causes of recurrent, 52t
chronic nonprogressive, 159
chronic uremic, 69
cyclosporine, 73
delayed postanoxic, 54
dialysis, 69
early epileptic, 21–22
glycine, 6
Hashimoto, 66–67
hemorrhagic shock, 56
hepatic, 67
hypertensive, 70
hypoxic-ischemic, 4, 10–11, 53–54
from immunosuppressive drugs, 73
in maple syrup urine disease, 5
mitochondrial, 258–259
myoclonic, 234–235
postimmunization, 64
progressive, 119t, 120t, 126–144
from prolonged hypoxia, 53
subacute necrotizing, 71, 137–138
toxic, 73–75
uremic, 68–69

Endocrine disorders, 66–67
Endocrine myopathies, 188
394
Energy, decreased muscle, 206t, 209–214
Enterovirus infections, 198–199
Enzyme disorders, lysosomal, 120t, 126, 126t, 131–136
Ependymoma, 102–103, 238–239, 281
Epidermal nevus syndrome, 379
Epidural empyema, 113
Epidural hematoma, 77
spinal, 280

Epilepsia partialis continua, 34
Epilepsy. See also Seizure(s)
absence, 27–28, 28f
associated with ictal vomiting, 33
autosomal dominant nocturnal frontal lobe, 32
benign childhood, with centrotemporal spikes, 33
benign myoclonic, 21
benign occipital, 32–33
with generalized tonic-clonic seizures on

awakening, 36
hemiplegia and, 255
juvenile myoclonic, 29–30, 30f
ketogenic diet and, 44–45
myoclonic

benign, 21
juvenile, 29–30, 30f
progressive, 30–31
and ragged-red fibers, 149–150
severe, of infancy, 22

with occipital paroxysms, 32–33
post-traumatic, 78
progressive myoclonus, 30–31
reading, 35
severe myoclonic of infancy, 22
surgical approaches to, 45–46
temporal lobe, 35
vertigo and, 365

Epileptic ataxia, 235
Epileptiform aphasia, acquired, 31–32
Epileptiform opercula syndrome, acquired, 32
Episodic ataxia
type 1, 228–229
type 2, 229

Episodic tension headache, 89–90
Equine encephalitis, Eastern, 59
Erythromelalgia, 220–221
Esotropia, 313–314
Essential myoclonus, 306
Essential tremor, 309–310
Ethosuximide, 39t

for absence epilepsy, 28
administration of, 40
adverse effects of, 40
indications for, 40

Ethylene glycol, 356
Evoked response
brainstem auditory, 358–359
visual, 333

Exertional headache, benign, 86
Exotropia, 314
Extracranial forces, 384
Extraocular muscles
congenital fibrosis of, 315–316
in headache, 79
list of, 314t



Index
Eyelid myoclonia with or without absences, 29
Eye movements, abnormal, 327t. See also Ocular

motility disorders
Eyes, in delirium, 50
Eyestrain, 89

F
Facial asymmetry, congenital, 350–351
Facial movement, 347
Facial muscle aplasia, 350
Facial weakness and dysphagia, 347–356
causes of, 348t
diagnostic approach in, 347–349
hypertension and, 354
motor unit disorders and, 348–349
pseudobulbar palsy and, 348
trauma and, 356
tumors and, 356

Facioscapulohumeral dystrophy (FSH), 184–185,
184f

Facioscapulohumeral syndrome, 352–353
Fahr disease, 296
Falx herniation, 97
Familial dysautonomia, 159, 223
Familial erythromelalgia, 220–221
Familial hemiplegic migraine (FHM), 262–263
Familial hyperkalemic periodic paralysis

type 1, 201–202
Familial hypokalemic periodic paralysis, 201
Familial normokalemic periodic paralysis, 202
Familial paroxysmal choreoathetosis, 24
Familial paroxysmal nonkinesiogenic dyskinesia, 24
Familial tremor, 309–310
Familial X-linked myalgia and cramps, 215
Farber lipogranulomatosis, 131
Fatty acid metabolism defects, 211–212
Febrile seizures, in infants, 18–19
Feeding difficulties, 158, 158t
Felbamate, 39t
administration of, 40
adverse effects of, 40–41
indications for, 40

Felbamate, for Lennox-Gastaut syndrome, 23
Felbatol. See Felbamate
FHM. See Familial hemiplegic migraine (FHM)
Fibromuscular dysplasia, 254
Fibrosis of extraocular muscles, congenital, 315–316
Fisting, 156
Fixed, dilated pupil, 345–346
Flucytosine, for candidal meningoencephalitis, 114
Fluoxetine, for slow-channel syndrome, 182
Fluphenazine, for Tourette syndrome, 308–309
Flutter, ocular, 327
Focal clonic seizures, in newborns, 2
Focal dystonias, 299–300
Focal myoclonus, 306–307
Follicular hyperkeratosis, 334
Following response, 333
Fontanelle, increased intracranial pressure and, 95
Food-associated headaches, 88
Footdrop, 177
Foramen magnum tumors, 221
Forebrain damage, in newborns, 3
Foscarnet, for cytomegalic inclusion disease, 124
Fosphenytoin, for status epilepticus, 44
Fractures, compressed vertebral body, 278
Fragile X syndrome, 122–123
Friedreich ataxia, 244–245
FSH. See Facioscapulohumeral dystrophy (FSH)
Fukuyama congenital muscular dystrophy, 173
Fumarylacetoacetate hydrolase, 224
Fungal infections, 113–115
Fungal pathogens, common, 113t

G
Gabapentin
for analgesic rebound headache, 86
for familial paroxysmal nonkinesiogenic

dyskinesia, 24
for restless legs syndrome, 307

Gabitril filmtabs. See Tiagabine
Gait, ataxic, 227
Galactosemia transferase deficiency, 143
Galactosylceramide lipidosis, 132–133
Ganciclovir, for cytomegalic inclusion disease, 124
Gaucher disease
infantile, opisthotonos in, 3
type 2, 132
type 3, 132

Gaze palsies, 325–327, 325t
GBS. See Acute inflammatory demyelinating

polyradiculopathy
Gemistocytic astrocytoma, 102
Generalized genetic dystonias, 301–305
Generalized seizures, 35–37
Genetic disorders, hypotonia in, 159–161
Genital herpes, herpes simplex encephalitis and, 12
Gentamicin
for bacterial meningitis, 109
for cat scratch disease, 55

Germinomas, 103–104
Giant axonal neuropathy, 192
Gigantism, 378
Giving bad news to parents, 126
Glasgow coma scale, 76t
Glial tumors, 100, 101f
Glioma
brainstem, 318, 318f
diencephalic, 342–343
optic pathway, 342–343

Global amnesia, transient, 72
Global developmental delay, 121–125
Globoid cell leukodystrophy, 132–133, 145, 192
Glucose, ATP and, 209
Glucose utilization disorders, 211
Glucosylceramide lipidosis, 132
Glucosylceramine lipidosis, 132
Glutaric acidemia type I, 301–302
Glycine, for isovaleric acidemia, 11
Glycine encephalopathy, in newborns, 6
Glycogen, ATP and, 209
Glycogenolysis, 209
Glycogen storage disease
type V, 210–211
type VII, 211
type X, 211
395
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Glycogen storage disease (Cont.)
type XI, 211

Glycolysis, 209
Glycoprotein degradation disorders, 133
Glycoproteins, 133
GM1 gangliosidosis, 133
GM2 gangliosidosis, 133–134, 180–181, 245
Gower sign, 178, 178f
Gradenigo syndrome, 319
Gram-negative sepsis, 55
Gray matter disorders, 140–142, 148–150
Growing pains, 205
Growth hormone replacement therapy, for Prader-

Willi syndrome, 159
Guanidinoacetate methyltransferase deficiency, 128

H
Half-lives, of antiepileptic drugs, 38, 39t
Hallervorden-Spatz syndrome, 304
Hallucinations, 50
hypnagogic, 1

Hallucinogens, 74
Haloperidol, for Tourette syndrome, 308–309
Hand heterotropia, 383
Hartnup disease, 230
Hashimoto encephalopathy, 66–67
Head, normal growth of, 370f
Headache
analgesic rebound, 86
approach to, 79–81
benign exertional, 86
caffeine, 87
chronic low-grade, 86–88
cluster, 85
connective tissue disorders and, 88–89
drug-associated, 88
episodic tension, 89–90
evaluation in, 80–81
extraocular muscles in, 79
food-associated, 88
history taking in, 80
hypersensitivity vasculitis and, 89
hypertension and, 89
indomethacin-responsive, 85–86
intracranial pressure and, 95
marijuana and, 88
migraine, 71–72, 81–85
39
acute confusional, 71–72, 82
acute treatment of, 83–84
with aura, 82–83
clinical syndromes and, 82–83
coma, 72
complicated, 262
diagnosis of, 83
dysesthesias in, 82
equivalents, 82t
exercise and, 81
familial hemiplegic, 262–263
genetics of, 81
head trauma and, 81
hemiplegia and, 262–263
in infants, 23
management of, 221
6

Headache (Cont.)
migraine (cont.)

menstrual cycle and, 81–82
ophthalmoplegic, 321–322
prophylaxis, 84–85
retinal, 341
stress and, 81
triggering factors in, 81–82
vertigo and, 367
without aura, 83

monosodium glutamate and, 88
muscles in, 79
pain from other cranial structures in, 89–91
pain sources in, 79–80, 79t
patterns of, 80
periosteum in, 79
post-traumatic, 87
questions for, 80
seizure, 91
sinusitis and, 90
systemic disease and, 88–89
temporomandibular joint syndrome and, 90
tension, 87–88
trigeminal nerve in, 79
vasculitis and, 88
whiplash and, 90–91

Head injury, severe, 76–78
Head shape, abnormal, 384–386
Head size measurement, 369
Head trauma
intracranial hemorrhage and, 104
migraine and, 81
neonatal, 13–14
overview of, 75–78

Head tremor, paroxysmal dystonic, 310
Hearing impairment, 121, 356–363, 361t
Hearing tests, 357–359
Heart disease, 255–256
rheumatic, 256

Hemangioblastoma, cerebellar, 238
Hemiconvulsions-hemiplegia syndrome,

34–35
Hemicrania, chronic paroxysmal, 85–86
Hemicrania continua, 86
Hemidecortication, 45–46
Hemifacial spasm, 305
Hemiparetic seizures, 255
Hemiplegia
acute, 250–263, 251t
acute vs. chronic progressive, 249
alternating, 251–252
approach to, 249
arteriovenous malformations and, 253
brain tumors and, 253, 263
capsular stroke and, 257
carotid artery disorders and, 253–254
carotid artery trauma and, 254
cerebral artery infarction and, 258
cerebrovascular disease and, 252–254
cervical infections and, 253–254
chronic progressive, 263–264
cocaine use and, 254
congenital malformations causing, 249



Index
Hemiplegia (Cont.)
diabetes mellitus and, 254–255
differential diagnosis of acute, 251t
epilepsy and, 255
fibromuscular dysplasia and, 254
heart disease and, 255–256
hypercoagulable states and, 257
hypersensitivity vasculitis and, 260–261
hypocoagulable states and, 257
infections and, 262
ischemic arterial infarction and, 257–262
isolated angitis of central nervous system and, 261
lipoprotein disorders and, 258
MELAS and, 258–259
migraine and, 262–263
mitral valve prolapse and, 256
moyamoya disease and, 259
neonatal hemorrhage and, 250
neonatal infarction and, 249–250
rheumatic heart disease and, 256
sickle cell disease and, 259–260
Sturge-Weber syndrome and, 263–264
systemic lupus erythematosus and, 261
Takayasu arteritis and, 261–262
trauma and, 263
varicella and, 262
vasculopathies and, 260–262
vertebral artery disorders, 253–254
vertebral artery trauma and, 254

Hemiplegic cerebral palsy, 249–250
Hemispherectomy, 45–46, 264
Hemisphere hypoplasia, congenital, 240–241
Hemispheric tumors, 99t
Hemodialysis
for glycine encephalopathy, 6
for maple syrup urine disease, 5
for uremic encephalopathy, 69
uremic neuropathy and, 194

Hemolytic-uremic syndrome, 68
Hemorrhage. See also Stroke
cerebellar, ataxia and, 236
intracranial, 104–108

head trauma and, 104
in newborns, 13–14

neonatal, hemiplegia and, 250
subarachnoid
primary, 13–14
seizures in, 4

subdural, in newborns, 14
Hemorrhagic shock encephalopathy syndrome, 56
Henoch-Schönlein purpura, 260–261
Heparan sulfate, for Sly disease, 146
Hepatic encephalopathy, 67
Hepatolenticular degeneration, 302
Hereditary brachial plexopathy, 287–288
Hereditary chorea, benign, 296
Hereditary distal myopathies, 194–196
Hereditary insensitivity to pain with anhidrosis,

223–224
Hereditary neuropathies, 222–225
Hereditary neuropathy with liability to pressure

palsy, 291–292
Hereditary optic neuropathy, 343–344
Hereditary sensory and autonomic neuropathy(ies)
(HSAN), 222–224

type I, 222
type II, 222–223
type III, 223
type IV, 223

Hereditary spastic paraplegia (HSP), 273–274
Hereditary tyrosinemia, 224–225
Herniation, of lumbar disks, 225
Herniation syndromes, 97–98, 97t
Herpes simplex encephalitis, 12–13, 60–61, 61f
Herpes zoster myelitis, 275
Herpes zoster oticus, 355
Heterophoria, 79, 313
Heterotropia, 313
Hexosaminidase A deficiency, 134
Hiccupping, in glycine encephalopathy, 6
HIE. See Hypoxic-ischemic encephalopathy (HIE)
“High road to coma,” 49
Hippocampal sclerosis, bilateral, 121
Histoplasmosis, 115
History
in delirium, 50
in headache, 80
in lethargy and coma, 52–53
in vertigo, 364

HIV. See Human immunodeficiency virus (HIV)
Holoprosencephaly, 382
Homocystinuria, 128–129, 128f
Hopkins syndrome, 287
Horizontal gaze apraxia, 325
Horizontal gaze palsy, 326–327
Horizontal suspension, 155–156, 155f
Horner syndrome, 346
HPA. See Hyperphenylalaninemia (HPA)
HSAN. See Hereditary sensory and autonomic

neuropathy(ies) (HSAN)
HSP. See Hereditary spastic paraplegia (HSP)
Human immunodeficiency virus (HIV), 127
Hunter syndrome, 146
Huntington disease, 149
Hurler phenotype, 133t
Hurler syndrome, 135
Hydranencephaly, 1, 376
Hydrocephalus, 99
causes of, 370t
communicating, 112, 370–372, 370t
myelomeningocele and, 271
noncommunicating, 370t, 372–377
progressive, 144
X-linked, 373

Hydroxocobalamin, for methylmalonic
acidemia, 11

Hydroxyurea, for sickle cell disease, 260
Hyperacusis, 357
Hyperammonemia, neonatal, 7t
Hypercoagulable states, 257
Hyperexplexia, 26
Hyperkalemic periodic paralysis, familial, type 1,

201–202
Hypernatremia, 65
Hyperparathyroidism, 355–356
Hyperphenylalaninemia (HPA), 130–131
397
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Hypersensitivity vasculitis, 89, 260–261
Hypertension
facial weakness and, 354
headache and, 89

Hypertensive encephalopathy, 70
Hyperthermia, malignant, 215–216
Hyperthyroidism, 297, 324
Hyperventilation, intracranial syndrome and, 98
Hyperventilation syndrome, 24
Hypnagogic hallucinations, 25
Hypoadrenalism, 208
Hypobetalipoproteinemia, 242–243
Hypocalcemia
in newborns, 9
tetany and, 208

Hypocoagulable states, 257
Hypoglycemia, 65
blindness and, 337
in newborns, 9–10, 9t
persistent, 9t
primary transitional, 9t
secondary transitional, 9t

Hypokalemic period paralysis, familial, 201
Hypomagnesemia, 208
Hypomelanosis of Ito, 378–379
Hypomyelinating neuropathy, congenital, 166
Hyponatremia, 65
Hypoparathyroidism, in newborns, 9
Hypothermia, intracranial pressure and, 99
Hypothyroidism, 136, 356
Hypotonia, in infants
in acid maltase deficiency, 174–175
appearance of, 153–156
benign congenital, 157
from breech presentation injuries, 161–162
in central core disease, 169
from cephalic presentation injuries, 162
cerebral, 154t, 156–161, 156t
chromosomal disorders and, 157–159
in chronic nonprogressive encephalopathy, 159
in congenital cervical spinal muscular

atrophy, 165
in congenital dystrophinopathy, 171
in congenital hypomyelinating neuropathy, 166
in cytochrome-c oxidase deficiency, 165–166
diagnostic approach to, 156–157
differential diagnosis of, 154t
EMG in, 163
in familial dysautonomia, 159
fisting and, 156
in genetic disorders, 159–161
horizontal suspension and, 155–156
in hypoxic-ischemic myelopathy, 161
in infantile botulism, 167
in infantile spinal muscular atrophy, 164–165

with respiratory distress type 1, 165

in MECP2 duplication syndrome, 157
in merosin-positive nonsyndromic congenital

muscular dystrophy, 172
from metabolic defects, 161
motor unit, 156–157, 156t, 157t, 162–175
in multiple-minicore disease, 170
muscle biopsy in diagnosis of, 163
398
Hypotonia, in infants (Cont.)
in nemaline myopathy, 171
nerve biopsy in diagnosis of, 163
in neurogenic arthrogryposis, 165
in neuromuscular transmission disorders,

167–168
in oculocerebral syndrome, 159–160
in paroxysmal disorders, 160
in polyneuropathies, 166
in Prader-Willi syndrome, 157–159
in primary merosin-deficient congenital muscular

dystrophy, 172
in pyruvate carboxylase deficiency, 161
in rod myopathy, 171
scissoring and, 156
spinal cord disorders and, 161–162
in spinal cord injury, 161–162
spinal muscular atrophies and, 163–166
in syndromic congenital muscular dystrophy, 173
Tensilon test and, 163
traction response and, 153–155
in transitory neonatal myasthenia, 168
vertical suspension and, 155, 155f

Hypoxanthine guanine phosphoribosyltransferase,
141

Hypoxia, 53–54
Hypoxic-ischemic encephalopathy (HIE), 4,

10–11, 53–54
Hypoxic-ischemic myelopathy, 161
Hysterical blindness, 338
Hysterical seizures, 36–37

I
Ibuprofen, for migraine, 83
I-cell disease, 134
Ice-pack test, 320
Ictal vomiting, epilepsy associated with, 33
Idebenone, for MELAS, 259
Idiopathic axonal neuropathy, 193
Idiopathic cerebral venous thrombosis, 13
Idiopathic cranial nerve palsy, 319
Idiopathic cranial polyneuropathy, 352
Idiopathic intracranial hypertension (IIH),

116–117, 116t
Idiopathic plexitis, acute, 286–287
Idiopathic torsion dystonia, 303
IIH. See Idiopathic intracranial hypertension (IIH)
Imiglucerase
for Gaucher disease

type 2, 132
type 3, 132
Immunosuppressive drugs, encephalopathy
from, 73

Inborn errors of metabolism, 5t, 67–68, 230–231
Inclusion body myopathy 2, 195
Incontinentia pigmenti, 14–15, 334
Incontinentia pigmenti achromians, 378–379
Increased intracranial pressure
arachnoid cysts and, 104
arterial aneurysms and, 106–107
arteriovenous malformations and, 107–108
astrocytoma and, 100–102
brain abscess and, 112–113



Index
Increased intracranial pressure (Cont.)
candidal meningoencephalitis and, 113–114
cerebral blood flow and, 94
cerebral edema and, 94
cerebrospinal fluid in, 93–94
in children, 95–96
choroid plexus tumors and, 99–100
coccidioidomycosis and, 114–115
corticosteroids and, 98
cryptococcal meningitis and, 115
diplopia and, 95
ependymoma and, 102–103
epidural empyema and, 113
features of, 93t
glial tumors and, 100
headache and, 95
head elevation and, 98
herniation syndromes and, 97–98, 97t
in hydrocephalus, 99
hyperventilation and, 98
hypothermia and, 99
idiopathic, 116–117
in infants, 94–95
infectious disorders and, 108–115
intracranial hemorrhage and, 104–108
intraventricular hemorrhage and, 104–106
mass lesions and, 94
medical treatment of, 98–99
meningitis and, 108–113
monitoring, 98
osmotic diuretics and, 98
papilledema and, 95–96, 96f
pathophysiology of, 93–94
pentobarbital coma and, 99
pineal region tumors and, 103–104
primitive neuroectodermal tumors and, 103
strabismus and, 95
subdural empyema and, 113
symptoms and signs of, 94–98
tumors and, 99–104

Indomethacin
for benign exertional headache, 86
for chronic paroxysmal hemicrania, 86
for hemicrania continua, 86

Indomethacin-responsive headache, 85–86
Infantile bilateral striatal necrosis, 303–304
Infantile botulism, 167
Infantile Gaucher disease, opisthotonos in, 3
Infantile myotubular myopathy, 170
Infantile neuroaxonal dystrophy, 140–141
Infantile poliodystrophy, progressive, 137
Infantile Refsum disease, 160, 359
Infantile spasms, 19–21
Infantile spinal muscular atrophy, 164–165,

164f
with respiratory distress type 1, 165

Infants
apnea in, 16–18
apneic seizures in, 16–17
benign myoclonic epilepsy in, 21
benign myoclonus in, 21
biotinidase deficiency in, 22
breath-holding spells in, 17–18
Infants (Cont.)
cyanotic syncope in, 17
developmental delay in, 119
early epileptic encephalopathy in, 21–22
febrile seizures in, 18–19
hypotonia in

in acid maltase deficiency, 174–175
appearance of, 153–156
benign congenital, 157
from breech presentation injuries, 161–162
in central core disease, 169
from cephalic presentation injuries, 162
cerebral, 154t, 156–161, 156t
chromosomal disorders and, 157–159
in chronic nonprogressive encephalopathy,
159

in congenital cervical spinal muscular
atrophy, 165

in congenital dystrophinopathy, 171
in congenital hypomyelinating neuropathy,
166

in cytochrome-c oxidase deficiency, 165–166
diagnostic approach to, 156–157
differential diagnosis of, 154t
EMG in, 163
in familial dysautonomia, 159
fisting and, 156
in genetic disorders, 159–161
horizontal suspension and, 155–156
in hypoxic-ischemic myelopathy, 161
in infantile botulism, 167
in infantile spinal muscular atrophy, 164–165
in MECP2 duplication syndrome, 157
in merosin-positive nonsyndromic congenital
muscular dystrophy, 172

from metabolic defects, 161
motor unit, 156–157, 156t, 157t, 162–175
in multiple-minicore disease, 170
muscle biopsy in diagnosis of, 163
in nemaline myopathy, 171
nerve biopsy in diagnosis of, 163
in neurogenic arthrogryposis, 165
in neuromuscular transmission disorders,
167–168

in oculocerebral syndrome, 159–160
in paroxysmal disorders, 160
in polyneuropathies, 166
in Prader-Willi syndrome, 157–159
in primary merosin-deficient congenital
muscular dystrophy, 172

in pyruvate carboxylase deficiency, 161
in rod myopathy, 171
scissoring and, 156
spinal cord disorders and, 161–162
in spinal cord injury, 161–162
spinal muscular atrophies and, 163–166
in syndromic congenital muscular dystrophy,
173

Tensilon test and, 163
traction response and, 153–155
in transitory neonatal myasthenia, 168
vertical suspension and, 155, 155f

increased intracranial pressure in, 94–95
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Infants (Cont.)
language acquisition in, 119
Lennox-Gastaut syndrome in, 22–23
meningitis in, 109–111
migraine in, 23
myoclonic seizures in, 19–23
pallid syncope in, 17–18
paroxysmal disorders in, 16–23
seizures in, 19–23

Infarction. See also Stroke
arterial border zone, 249
cerebral artery, 258
cord, 276
ischemic arterial, 257–262
multiple artery, 249
neonatal, 249–250
single-artery, 249

Infectious disorders
causing acute generalized weakness, 197–199
causing altered consciousness, 55–62
causing developmental delay, 147–148
causing hemiplegia, 262
causing increased intracranial pressure, 108–115
causing paraplegia, 274–275

Infectious myositis, acute, 197
Inferior oblique, 314t
Inferior rectus, 314t
Inflammatory demyelinating polyradiculopathy,

acute, 197–198
Inflammatory myopathies, 185–187
Infratentorial epidural hematoma, 77
Inner ear aplasia, 359
Insufficiency, convergence, 327
Intensive care unit weakness, 200
Interferon-alfa, for subacute sclerosing

panencephalitis, 148
Interhemispheric commissurotomy, 46
Intermediate myotubular myopathy, 170–171
Intermittent porphyria, acute, 224
Internuclear ophthalmoplegia, 325–326
Intoxication, ocular motility and, 323–324
Intracranial arachnoid cysts, 104
Intracranial forces, 384
Intracranial hemorrhage, 104–108
head trauma and, 104
in newborns, 13–14

Intracranial pressure, increased
arachnoid cysts and, 104
arterial aneurysms and, 106–107
arteriovenous malformations and, 107–108
astrocytoma and, 100–102
brain abscess and, 112–113
candidal meningoencephalitis and, 113–114
cerebral blood flow and, 94
cerebral edema and, 94
cerebrospinal fluid in, 93–94
in children, 95–96
choroid plexus tumors and, 99–100
coccidioidomycosis and, 114–115
corticosteroids and, 98
cryptococcal meningitis and, 115
diplopia and, 95
ependymoma and, 102–103
400
Intracranial pressure, increased (Cont.)
epidural empyema and, 113
features of, 93t
glial tumors and, 100
headache and, 95
head elevation and, 98
herniation syndromes and, 97–98, 97t
in hydrocephalus, 99
hyperventilation and, 98
hypothermia and, 99
idiopathic, 116–117
in infants, 94–95
infectious disorders and, 108–115
intracranial hemorrhage and, 104–108
intraventricular hemorrhage and, 104–106
mass lesions and, 94
medical treatment of, 98–99
meningitis and, 108–113
monitoring, 98
osmotic diuretics and, 98
papilledema and, 95–96, 96f
pathophysiology of, 93–94
pentobarbital coma and, 99
pineal region tumors and, 103–104
primitive neuroectodermal tumors and, 103
strabismus and, 95
subdural empyema and, 113
symptoms and signs of, 94–98
tumors and, 99–104

Intrauterine infections, 123–125
Intraventricular hemorrhage
in newborn, 104–106
at term, 106

Ischemia, 53–54
Ischemic arterial infarction, 257–262
Ischemic optic neuropathy, 339
Isolated angitis of central nervous system, 261
Isolated deafness, 359–360
Isoleucine, in maple syrup urine disease, 5, 5f
Isoniazid-induced neuropathy, 193
Isoniazid therapy, for tuberculosis, 112
Isovaleric acidemia, in newborns, 11

J
Jackson-Weiss syndrome, 385t
Jansky-Bielschowsky disease, 148, 148t
Japanese B encephalitis, 59
Jeavons syndrome, 29
Jerk nystagmus, 327, 329–330
Jitteriness, in newborns, 4
JME. See Juvenile myoclonic epilepsy (JME)
Joint contractures, 153
Joubert syndrome, 241
Juvenile amyotrophic lateral sclerosis, 190
Juvenile GM2 gangliosidosis, 245
Juvenile myoclonic epilepsy (JME), 29–30, 30f
Juvenile progressive bulbar palsy, 353
Juvenile sulfatide lipidosis, 245
Juvenile Tay-Sachs disease, 126t, 144

K
Kawasaki disease, 236
Kearns-Sayre syndrome, 324–325
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Keppra. See Levetiracetam
Kernicterus
in bilirubin encephalopathy, 7
opisthotonos in, 3

Ketoacid dehydrogenase, in maple syrup urine
disease, 5, 5f

Ketoacidosis, diabetic, 64–65
Ketogenic diet, 231
for Lennox-Gastaut syndrome, 44–45
overview of, 44–45

Klippel-Feil syndrome, 269, 374–375
Krabbe disease, 127f, 132–133, 192, 276
late-onset, 145

Krebs cycle, 210

L
Lactate dehydrogenase deficiency, 211
Lactic acidosis, 258–259
Lafora disease, 30
Laforin, 30
Lamictal. See Lamotrigine
Lamotrigine, 39t
for absence epilepsy, 28
administration of, 41
adverse effects of, 41
indications for, 41
for juvenile myoclonic epilepsy, 30
for Lennox-Gastaut syndrome, 23

Lance-Adams syndrome, 306
Landau-Kleffner syndrome, 31–32
Language delay, 123
Late infantile neuronal-ceroid lipofuscinosis,

148, 148t
Late juvenile ceroid lipofuscinosis, 148–149
Late-onset Krabbe disease, 145
Late-onset lipidosis, 145–146
Lateral rectus, 314t
Lateral rectus palsy, 322
Laurence-Moon syndrome, 345
Leber congenital amaurosis, 343–344
Leigh disease, 71, 137–138
Lennox-Gastaut syndrome, 20t, 22–23
Lesch-Nyhan disease, 141
Lethargy
causes of, 51t
diagnostic approach to, 52–53
history in, 52–53
laboratory investigations for, 53
physical examination in, 52–53

Leucine, in maple syrup urine disease, 5, 5f
Leucovorin, in toxoplasmosis treatment, 125
Leukoencephalopathy
metabolic, with subcortical cysts, 379–380
progressive cavitating, 144

Leukokoria, 344
Levetiracetam, 39t
for acquired epileptiform aphasia, 32
administration of, 41
adverse effects of, 41
as antiepileptic, 15
for benign myoclonic epilepsy, 21
for complex partial seizures, 29
for cyanotic syncope, 17
Levetiracetam (Cont.)
for hypoxic-ischemic encephalopathy, 11
indications for, 41
for infantile spasms, 21
for juvenile myoclonic epilepsy, 30
for severe myoclonic epilepsy of infancy, 22
for status epilepticus, 44
for stiff infant syndrome, 26
for Unverricht-Lundborg disease, 31

Levodopa
for Lesch-Nyhan disease, 141
for rapid-onset dystonia-parkinsonism, 304
for rigidity in Huntington disease, 149
for thalamic pain, 226

Levothyroxine sodium, for hypothyroidism, 136
LGMD. See Limb-girdle muscular dystrophy

(LGMD)
Limb-girdle muscular dystrophy (LGMD), 182, 183t
Limb-girdle myasthenia, 181
Limb weakness. See also Paralysis(es)
in acute infectious myositis, 197
in acute inflammatory demyelinating

polyradiculopathy, 197–198
in acute motor axonal neuropathy, 198
acute onset, 196–200
in amyotrophic lateral sclerosis, 190
in autosomal dominant childhood-onset distal

myopathy, 194
in autosomal dominant spinal muscular

atrophy, 180
in autosomal recessive distal myopathy, 194–195
in autosomal recessive spinal muscular atrophy,

179–180
in Becker muscular dystrophy, 183–184
in Bethlem myopathy, 182
in botulism, 199–200
in carnitine deficiency, 188
in Charcot-Marie-Tooth disease, 190–192
in chronic inflammatory demyelinating

polyradiculopathy, 198
clinical features of, 177–179
in dermatomyositis, 185–187
in distal spinal muscular atrophy, 190
in drug-induced neuropathy, 193
in Duchenne muscular dystrophy, 183–184
in Emery-Dreifuss muscular dystrophy type 1, 196
in enterovirus infections, 198–199
in facioscapulohumeral dystrophy, 184–185
in giant axonal neuropathy, 192
in GM2 gangliosidosis, 180–181
in idiopathic axonal neuropathy, 193
in inclusion body myopathy 2, 195
infectious disorders causing acute, 197–199
initial complaint in, 177–178
in limb-girdle myasthenia, 181
in metachromatic leukodystrophy, 192
in muscular dystrophies, 182–185
in myasthenic syndromes, 181–182
in myotonic dystrophy, 195–196
in neuromuscular blockade, 199–200
in neuronopathy, 190
in neuropathy, 190–194
physical findings in, 178–179
401
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Limb weakness (Cont.)
in polymyositis, 187
in Pompe disease, 187
progressive distal, 189–196, 189t
progressive proximal, 179–188
in proximal myotonic dystrophy, 185
in severe childhood autosomal recessive muscular

dystrophy, 185
in slow-channel syndrome, 181–182
in uremic neuropathy, 194
in vasculitis, 194
viral infections causing, 198–199
in West Nile virus infection, 199

Lipid myopathies, 188
Lipidosis
galactosylceramide, 132–133
glucosylceramide, 132
glucosylceramine, 132
late-onset, 145–146
sphingomyelin, 135–136, 146–147
sulfatide, 192, 245

Lipids, ATP and, 209
Lipofuscinosis, ceroid, 148–149
Lipoprotein disorders, 258
Lissencephaly, 383
Lithium, for cluster headache, 85
Long-chain fatty acid metabolism defects, 211–212
Lowe syndrome, 159–160
Low-grade headaches, chronic, 86–88
Low road to coma, 49
L1 syndrome, 373
Lumbar disk disease, 219, 225
Lumbar plexitis, 286–287
Lumbar plexus injury, 290
Lupus myelopathy, 275
Lyme disease, 56–57
Lymphocytic choriomeningitis, congenital, 124
Lysosomal enzyme disorders, 120t, 126, 126t, 131–136
Lysosomes, 131

M
Macrocephaly, 369–384
Magnesium deficiency, 208
Malignant hyperthermia, 215–216
Maple syrup urine disease (MSUD), 230–231
in newborns, 5–6, 5f
as progressive encephalopathy, 129–130

Marijuana
headache and, 88
intoxication, 74

Marinesco-Sjögren syndrome, 245–246
Marshall syndrome, 334
Mass lesions, intracranial pressure and, 94
McArdle disease, 210–211
Measles encephalitis, 61–62
Measuring head size, 369
MECP2 duplication syndrome, 157
Medial rectus, 314t
Median neuropathy, 291
Medium-chain acyl-coenzyme A dehydrogenase

deficiency, 67–68
Medulloblastoma, 239–240, 240f
Megalencephaly, 370t
402
MELAS. See Mitochondrial encephalopathy, lactic
acidosis, and stroke (MELAS)

Melkersson syndrome, 354
Meniere disease, 366–367
Meningeal malignancy, 371–372
Meningiomas, 104
Meningitis
aseptic, 58
bacterial, 108–113
in children, 109–111
cryptococcal, 115
in infants, 109–111
meningococcal, 111
in newborns, 108–109
pneumococcal, 111
seizures in, 4
tuberculous, 111–112

Meningococcal meningitis, 111
Meningoencephalitis
candidal, 113–114
OKT3, 73

Menkes syndrome, 142
Menstrual cycle, migraine and, 81–82
Merosin, 172
Merosin-positive nonsyndromic congenital

muscular dystrophy, 172
Metabolic megalencephaly, 370t, 379–380
Metabolic myopathies, 154t, 174–175, 187–188
Metabolic neuropathies, 224–225
Metabolic screening, in progressive ataxias, 246t
Metachromatic leukodystrophy, 145–146, 192
Methicillin, for brain abscess, 112
Methylmalonic acidemia, 11–12
Methylphenidate, for narcolepsy, 25
Methylprednisone
for acute disseminated encephalomyelitis, 62
for multiple sclerosis, 234
for optic neuritis, 339

Mexiletine
for myotonia congenita, 208
for myotonia fluctuans, 208
for myotonic dystrophy, 196

Microcephaly, 380–384, 380t
Microcephaly vera, 381
Middle fossa tumors, 99t
Migraine, 71–72, 81–85
acute confusional, 71–72
acute treatment of, 83–84
ataxia and, 231–232
with aura, 82–83
basilar, 231–232
clinical syndromes of, 82–83
coma, 72
complicated, 262
diagnosis of, 83
dysesthesias in, 82
equivalents, 82t
exercise and, 81
familial hemiplegic, 262–263
genetics of, 81
head trauma and, 81
hemiplegia and, 262–263
in infants, 23
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Migraine (Cont.)
management of, 83–85
menstrual cycle and, 81–82
ophthalmoplegic, 321–322
prophylaxis, 84–85
retinal, 341
stress and, 81
triggering factors in, 81–82
vertigo and, 367
without aura, 83

Mild myotubular myopathy, 170–171
Miller Fisher syndrome, 233
Minocycline, vertigo and, 365
Mirror movements, 305
Mitochondrial disease, clinical features of, 212t
Mitochondrial disorders, 136–138, 213t
Mitochondrial encephalomyopathies, 149–150
Mitochondrial encephalopathy, lactic acidosis, and

stroke (MELAS), 258–259
Mitochondrial myopathies, 212–213
Mitochondrial respiratory chain, 212f
Mitral valve prolapse, 256
Modafinil, for narcolepsy, 25
Molds, 113
Monocular blindness, acute, 336–341
Monocular nystagmus, 330
Monomelic amyotrophy, 285
Mononeuropathies, 290–292
Monoplegia
acute idiopathic plexitis and, 286–287
acute symptomatic plexitis and, 287–290
approach to, 285
brachial plexitis and, 286
brachial plexus injuries and, 289–290
chronic progressive brachial, 285
differential diagnosis of acute, 285t
hereditary brachial plexopathy and, 287–288
hereditary neuropathy with liability to pressure

palsy and, 291–292
Hopkins syndrome and, 287
lumbar plexitis and, 286–287
lumbar plexus injury and, 290
median neuropathy and, 291
mononeuropathies and, 290–292
neonatal traumatic brachial, 288–289
osteomyelitis-neuritis and, 289
peroneal neuropathy and, 291
plexopathies and, 286–292
plexus tumors and, 290
postnatal injuries and, 289–290
radial neuropathy and, 290
spinal muscular atrophies and, 285–286
ulnar neuropathy and, 290–291

Monosodium glutamate, 88
Moro reflex, jitteriness and, 4
Morquio syndrome, 269
Motion sickness, 367
Motor axonal neuropathy, acute, 198
Motor development, delayed, 121
Motor unit, 153
Motor unit activity, continuous, 205t, 206–207
Motor unit disorders, 162–175
facial weakness and, 348–349
Motor unit hypotonia, 156–157, 156t, 157t
Movement disorders
approach to patient in, 293
athetosis, 293–298
benign familial chorea, 296
benign paroxysmal torticollis, 300
blepharospasm, 299
cardiopulmonary bypass surgery, 294–295
choreoacanthocytosis, 296–297
chores, 293–298
dopa-responsive dystonia, 301
drug-induced chorea, 295–296
drug-induced dystonia, 298–299
dystonia, 298–305
emergent withdrawal syndrome, 296
essential myoclonus, 306
essential tremor, 309–310
Fahr disease, 296
genetic, 296–297
glutaric acidemia type I, 301–302
hemifacial spasm, 305
hepatolenticular degeneration, 302
hyperthyroidism, 297
infantile bilateral striatal necrosis and, 303–304
Lance-Adams syndrome, 306
lupus erythematosus, 297
mirror movements, 305
myoclonus, 305–307
neuroacanthocytosis, 296–297
palatal myoclonus, 307
pantothenate kinase-associated

neurodegeneration, 304
paroxysmal choreoathetosis, 297
posthypoxic myoclonus, 306
in pregnancy, 297
rapid-onset dystonia-parkinsonism, 304
recording of movements in, 293
restless legs syndrome, 307
stereotypies, 307
symptomatic generalized dystonia, 304–305
symptomatic myoclonus, 306–307
systemic, 297–298
tardive dyskinesia, 295–296
tardive dystonia, 299
tics, 307–309
torticollis, 299–300
Tourette syndrome, 307–309
tremor, 309–310
Wilson disease, 302
writer’s cramp, 300

Moyamoya disease, 251f, 259
MSUD. See Maple syrup urine disease (MSUD)
Mucopolysaccharidosis(es), 134–135, 146
type I, 135
type II, 146
type III, 135
type VII, 146

Muenke syndrome, 385t
Multifocal clonic seizures, in newborns, 2
Multiminicore myopathy, 216
Multiple artery infarction, 249
Multiple-minicore disease, 170
Multiple sclerosis, 233–234, 234f, 278f
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Muscle activity, abnormal, 206–209
Muscle biopsy, 163
Muscle cramp(s), 205
on exercise, 183
familial X-linked myalgia and, 215
myopathic, 214–217
in myophosphorylase deficiency, 210
in neuromyotonia, 207
tubular aggregates and, 214–215

autosomal dominant cases of, 215
sporadic cases of, 215

in uremia, 209
Muscle energy, decreased, 206t, 209–214
Muscle-eye-brain disease, 173
Muscle fibers, structural proteins in, 182f
Muscle phosphoglycerate kinase deficiency, 211
Muscle phosphoglycerate mutase deficiency, 211
Muscles
extraocular

congenital fibrosis of, 315–316
in headache, 79
list of, 314t

facial, aplasia of, 350
Muscles, in headache, 79
Muscle spasms, 205
Muscle stiffness, 205
in Brody myopathy, 214
electromyography in, 206t
myopathic, 214–217
in myotonia congenita, 208
in myotonia fluctuans, 208
in neuromyotonia, 207
in rippling muscle disease, 216–217

Muscle tone, 153
Muscular dystrophy(ies), 154t, 171–174, 182–185
Becker, 183–184
congenital, 172–173
Duchenne, 178, 183–184, 184f
Emery-Dreifuss

type 1, 196
type 2, 196
type 3, 196

facioscapulohumeral, 184–185, 184f
limb-girdle, 182, 183t
merosin-positive nonsyndromic congenital, 172
oculopharyngeal, 353–354
primary merosin-deficient congenital muscular

dystrophy, 172
severe childhood autosomal recessive, 185
syndromic congenital, 173

Myasthenia
limb-girdle, 181
neonatal transitory, 168

Myasthenia gravis, 319–321
congenital, 316

Myasthenic syndromes, congenital, 167–168, 181–182
Myelitis
herpes zoster, 275
transverse, 276–278

Myelomeningocele, 270–271
Myelopathy
hypoxic-ischemic, 161
lupus, 275
404
Myoadenylate deaminase deficiency, 213–214
Myoclonia
eyelid, 29
perioral, with absences, 29

Myoclonic encephalopathy, 234–235
Myoclonic epilepsy
benign, 21
juvenile, 29–30, 30f
progressive, 30–31
and ragged-red fibers, 149–150
severe, of infancy, 22

Myoclonic seizures
in children, 29–31
in infants, 19–23, 20t
in newborns, 2–3

Myoclonus, 305–307
benign, of infancy, 21
benign nocturnal, 1t, 3
essential, 306
etiologic classification of, 306t
focal, 306–307
nocturnal, 305
palatal, 307
pathologic, 1t
physiological, 305
segmental, 306–307

Myokymia, 228–229
Myopathic cramps, 214–217
Myopathic stiffness, 214–217
Myopathy(ies), 194–196
autosomal dominant childhood-onset distal, 194
autosomal recessive distal, 194–195
Bethlem, 182
Brody, 153, 214
carbohydrate, 187–188
centronuclear, 170–171
congenital, 168–171
endocrine, 188
hereditary distal, 194–196
inclusion body 2, 195
inflammatory, 185–187
lipid, 188
metabolic, 174–175, 187–188
mitochondrial, 212–213
multiminicore, 216
myotubular, 170–171
nemaline, 171, 171f
quadriceps, 183
rod, 171, 171f

Myophosphorylase deficiency, 210–211
Myositis
acute infectious, 197
orbital, 322

Myotonia, 205t
congenita, 207–208
fluctuans, 208
neuromyotonia, 206–207

Myotonic disorders, 207–208
Myotonic dystrophy, congenital, 173–174, 174f,

195–196
Myotubular myopathy, 170–171
Myozyme. See Aglucosidase alfa
Mysoline. See Primidone
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N
Narcolepsy, 25
Narcolepsy-cataplexy, in children, 24–25
Narcotic withdrawal, in newborns, 8–9
Neck injuries, headache and, 90–91
Nemaline myopathy, 171, 171f
Neonatal adrenoleukodystrophy, 160
Neonatal cord infarction, 276
Neonatal hemorrhage, 250
Neonatal hyperammonemia, 7t
Neonatal infarction, 249–250
Neonatal myasthenia, transitory, 168
Neonatal Schwartz-Jampel syndrome, 207
Neonatal traumatic brachial neuropathy,

288–289
Neostigmine, for myasthenic syndromes, 168
Nerve biopsy, in hypotonia diagnosis, 163
Nerve palsy
abducens, 315
cranial, idiopathic, 319
oculomotor, 314
trochlear, 314–315

Nerve root pain, 219
Neuralgic amyotrophy, 286
Neuritis, brachial, 286
Neuroacanthocytosis, 296–297
Neuroaxonal dystrophy, infantile, 140–141
Neuroblastoma, 281
Neuroblastoma syndrome, 234–235, 235f
Neurocutaneous disorders, causing infancy

seizures, 20t
Neurocutaneous syndromes, 138–139
Neurofibroma, 221
Neurofibromatosis
type 1, 138–139
type 2, 138

Neurogenic arthrogryposis, 165
Neurogenic muscle weakness, 137–138
Neuroleptic malignant syndrome, 216
Neuroma, acoustic, 363
Neuromuscular blockade, 199–200
Neuromuscular transmission disorders, 154t,

167–168
Neuromyelitis optica, 277–278
Neuromyotonia, 206–207
Neuronal ceroid lipofuscinosis
early-infantile, 140
early-juvenile, 148t
late-infantile, 148t
late-juvenile, 148t

Neuronal Charcot-Marie-Tooth disease, 191
Neuronal excitability, coma and, 49
Neuronopathy, 153, 190
diagnosis in, 189–190

Neuropathy(ies), 153, 190–194
acute ataxic, 233
acute motor axonal, 198
diagnosis in, 189–190
drug-induced, 193
electromyography in, 189t
giant axonal, 192
hereditary, 222–225
hereditary optic, 343–344
Neuropathy(ies) (Cont.)
hereditary sensory and autonomic, 222–224

type I, 222
type II, 222–223
type III, 223
type IV, 223

idiopathic axonal, 193
ischemic optic, 339
isoniazid-induced, 193
median, 291
metabolic, 224–225
neonatal traumatic brachial, 288–289
nitrofurantoin-induced, 193
optic, 338–340
peroneal, 291
radial, 290
with systemic disease, 193–194
toxic-nutritional optic, 339–340
toxin-induced, 194
traumatic optic, 340
ulnar, 290–291
uremic, 194
vincristine-induced, 193

Neuroretinitis, 338, 339f
Nevirapine, for HIV infection, 127
Newborns. See also Premature newborns
antiepileptic drugs for, 15–16
apnea in, 3
benign nocturnal myoclonus in, 3
bilirubin encephalopathy in, 7–8
Bloch-Sulzberger syndrome in, 14–15
DiGeorge syndrome in, 9
drug withdrawal in, 8–9
focal clonic seizures in, 2
glycine encephalopathy in, 6
head trauma in, 13–14
herpes simplex encephalitis in, 12–13
hypocalcemia in, 9
hypoglycemia in, 9–10, 9t
hypoparathyroidism in, 9
idiopathic cerebral venous thrombosis in, 13
inborn errors of metabolism causing seizures

in, 5t
incontinentia pigmenti in, 14–15
intracranial hemorrhage in, 13–14
intraventricular hemorrhage in, 104–106
isovaleric acidemia in, 11
jitteriness in, 4
levetiracetam in, 15
maple syrup urine disease in, 5–6, 5f
meningitis in, 108–109
methylmalonic acidemia in, 11–12
multifocal clonic seizures in, 2
myoclonic seizures in, 2–3
organic acid disorders in, 11–15
paroxysmal disorders of, 1–16

incidence of, 1

phenobarbital in, 15
phenytoin in, 16
proprionic acidemia in, 12
pyridoxine dependency in, 14
seizure differential diagnosis in, 4–10, 4t
seizure-like events in, 3–4
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Newborns (Cont.)
seizure patterns in, 1–3
seizure treatment in, 15–16
subarachnoid hemorrhage in, 13–14
subdural hemorrhage in, 14
tonic seizures in, 3
urea cycle disturbances in, 6–7

NF1. See Neurofibromatosis, type 1
NF2. See Neurofibromatosis, type 2
Nicotinamide, for Hartnup disease, 230
Niemann-Pick disease
type A, 135–136
type C, 146–147

Night terrors, 25–26
Nimodipine, for ischemia prevention, 107
Nitisinone, for hereditary tyrosinemia, 225
Nitrofurantoin-induced neuropathy, 193
Nocturnal frontal lobe epilepsy, autosomal

dominant, 32
Nocturnal myoclonus, 305
Nocturnal paroxysmal dystonia, 293
Noncommunicating hydrocephalus, 370t, 372–377
Nonparalytic strabismus, 313–314
Normokalemic periodic paralysis, familial, 202
Nylan-Hallpike test, 365
Nystagmus, 327–329
acquired, 329–331
congenital, 328
differential diagnosis of, 328t
dissociated, 330–331
divergence, 330
downbeat, 330
drug-induced, 329
jerk, 327, 329–330
monocular, 330
pendular, 327, 329
physiological, 327
seesaw, 330–331
upbeat, 330
vestibular, 329–330

O
Occipital horn syndrome, 142
Occipital paroxysms, childhood epilepsy with, 32–33
Ocular alignment, in nonparalytic strabismus, 313
Ocular flutter, 327
Ocular motility disorders
abducens nerve palsy, 315
acute bilateral ophthalmoplegia, 323–324
acute unilateral ophthalmoplegia, 317–323, 317t
aneurysms, 317–318
apraxia of horizontal gaze, 325
botulism, 323
brainstem glioma, 318
Brown syndrome, 315
carotid-cavernous sinus fistula, 318–319
cavernous sinus thrombosis, 319
congenital fibrosis of extraocular muscles, 315–316
congenital myasthenia gravis, 316
congenital ocular motor apraxia, 325
congenital ophthalmoplegia, 314–317
congenital ptosis, 316–317
congenital vertical ocular motor apraxia, 326
406
Ocular motility disorders (Cont.)
convergence paralysis, 327
dissociated nystagmus, 330–331
downbeat nystagmus, 330
drug-induced nystagmus, 329
esotropia, 313–314
exotropia, 314
gaze palsies, 325–327
Gradenigo syndrome, 319
horizontal gaze palsy, 326–327
idiopathic cranial nerve palsy, 319
internuclear ophthalmoplegia, 325–326
intoxication, 323–324
jerk nystagmus, 329–330
Kearns-Sayre syndrome, 324–325
myasthenia gravis, 319–321
nonparalytic strabismus, 313–314
nystagmus, 327–329
oculomotor nerve palsy, 314
ophthalmoplegia, 314–327
ophthalmoplegic migraine, 321–322
orbital inflammatory disease, 322
orbital tumors, 322
pendular nystagmus, 329
spasmus nutans, 328–329
stroke, 318
toxic-metabolic disorders, 326
trauma, 322
trochlear nerve palsy, 314–315
upbeat nystagmus, 330
vertical gaze palsy, 326
vestibular nystagmus, 329–330

Ocular myasthenia, 319–321
Oculocerebral syndrome, 159–160
Oculomotor apraxia
type 1, ataxia with, 244
type 2, ataxia with, 244

Oculomotor nerve palsy, 314
Oculopharyngeal muscular dystrophy, 353–354
Odontoid process, 269
Office hearing tests, 357–358
OKT3 meningoencephalitis, 73
Open head injuries, 77–78
Opercula syndrome, acquired epileptiform, 32
Ophthalmopathy, thyroid, 324
Ophthalmoplegia, 314–327
acute bilateral, 323–324
acute unilateral, 317–323, 317t
causes of, 317t
chronic bilateral, 324–325
internuclear, 325–326

Ophthalmoplegic migraine, 321–322
Opiate withdrawal, in newborns, 8–9
Opisthotonos, 1t, 3
Optic nerve hypoplasia, congenital, 335–336, 336f
Optic neuritis, 338–339
Optic neuropathies, 338–340
Optic pathway gliomas, 342–343
Orbital inflammatory disease, 322
Orbital myositis, 322
Orbital tumors, 322
Orfadin. See Nitisinone
Organic acid disorders, in newborns, 11–15



Index
Ornithine transcarbamylase deficiency, 6–7
Osmolality disorders, 64–66
Osmotic diuretics, 98
Osteomyelitis, tuberculous, 275
Osteomyelitis-neuritis, 289
Osteopetrosis, 354
Overdoses, prescription drug, 73–74
Oxcarbazepine, 39t
administration of, 41
adverse effects of, 41
for autosomal dominant nocturnal frontal lobe

epilepsy, 32
for complex partial seizures, 29
indications for, 41
for neuromyotonia, 207

Oxidation-phosphorylation coupling, 210
Oxycephaly, 384t

P
Pachygyria, 383
Pain
central congenital insensitivity to, 221
dysesthetic, 219
in erythromyalgia, 220–221
hereditary insensitivity to, with anhidrosis,

223–224
nerve root, 219
thalamic, 226

Painful limb syndromes, 219–221
Palatal myoclonus, 307
Pallid syncope, 17–18
Palsy(ies)
Bell, 351–352
cerebral

disorders misdiagnosed as, 282t
hemiplegic, 249–250
paraplegia/quadriplegia and, 281–283

gaze, 325–327, 325t
horizontal gaze, 326–327
juvenile progressive bulbar, 353
lateral rectus, 322
nerve
abducens, 315
cranial, idiopathic, 319
oculomotor, 314
trochlear, 314–315

pontobulbar, with deafness, 361–362
superior oblique, 322
vertical gaze, 326

Panayiotopoulos syndrome, 33
Panencephalitis, subacute sclerosing, 147–148
Panic disorder, 72
Pantothenate kinase-associated neurodegeneration,

304
Papilledema, 95–96, 96f
Papilloma, choroid plexus, 93
Paralysis(es)
in Andersen-Tawil syndrome, 202
convergence, 327
familial hyperkalemic periodic, type 1, 201–202
familial hypokalemic periodic, 201
familial normokalemic periodic, 202
periodic, 200–202
Paralysis(es) (Cont.)
sleep, 25
tick, 200

Paraplegia, 267
adrenomyeloneuropathy and, 275–276
approach to, 267
arachnoid cysts and, 268
arginase deficiency and, 276
arteriovenous malformations and, 269
astrocytoma and, 280
atlantoaxial dislocation and, 269–270
caudal regression syndrome and, 270
cerebral, 281–283
cerebral palsy and, 281–283
Chiari malformation and, 270
congenital malformations and, 268–273
cord infarction and, 276
Devic disease and, 277–278
diffuse encephalomyelitis and, 278
diskitis and, 274–275
ependymoma and, 281
hereditary spastic, 273–274
herpes zoster myelitis and, 275
infections and, 274–275
Krabbe disease and, 276
lupus myelopathy and, 275
metabolic disorders and, 275–276
myelomeningocele and, 270–271
neuroblastoma and, 281
spinal, 267–283, 268t
spinal cord concussion and, 279–280
spinal cord transection and, 279
spinal cord tumors and, 280–281
spinal epidural hematoma and, 280
symptoms and signs, 267–268
tethered spinal cord and, 271–273
transverse myelitis and, 276–278
trauma and, 278–280
tuberculous osteomyelitis and, 275
vertebral body fractures and, 278

Parathyroid disorders, 66
Parents, giving bad news to, 126
Parkinsonism, 309
Paroxysmal ataxia type 1, 228–229
Paroxysmal choreoathetosis, 297
Paroxysmal disorders
approach to, 1
in children, 23–37
event in, 1
in infants, 16–23
of newborns, 1–16
video record for diagnosis of, 1

Paroxysmal dyskinesias, 23–24
Paroxysmal dystonic head tremor, 310
Paroxysmal event, 1
Paroxysmal hemicrania, chronic, 85–86
Paroxysmal movements, 293
Partial seizures, 31–35
Pathologic myoclonus, 1t
Pelizaeus-Merzbacher disease, 143–144
Pemoline, for narcolepsy, 25
Pendred syndrome, 360
Pendular nystagmus, 327, 329
407
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Penicillin
for congenital syphilis, 123
for Lyme disease, 57

Pentobarbital coma
intracranial pressure and, 99
for status epilepticus, 44, 45f

Perinatal brain injury, 384
Perinatal disorders, 125
Periodic paralyses, 200–202
Perioral myoclonia with absences, 29
Periosteum, in headache, 79
Peripheral vertigo, 365t
Periventricular-intraventricular hemorrhage

(PIVH), in premature newborns, 105–106
Peroneal neuropathy, 291
Peroxisomal disorders, 160
Peroxisomes, 160
Persistent hypoglycemia, 9t
Persistent vegetative state, 54
Pfeiffer syndrome, 385t
Phasic tone, 153
Phenobarbital, 39t
administration of, 41
adverse effects of, 41–42
as antiepileptic, 15
indications for, 41
for juvenile myoclonic epilepsy, 30
for newborn drug withdrawal, 8

Phenylalanine metabolism, 130f
Phenylketonuria (PKU), 130–131
Phenytoin, 39t
administration of, 42
adverse effects of, 42
for complex partial seizures, 29
for familial paroxysmal choreoathetosis, 24
indications for, 42
for myotonic dystrophy, 196
for neuromyotonia, 207
in newborns, 16
for temporal lobe epilepsy, 35

Phosphocreatine, 209
Photon knife, 108
Physical examination
in delirium, 50
in vertigo, 364

Physiological myoclonus, 305
Physiological nystagmus, 327
Pimozide
for chorea gravidarum, 297–298
for Tourette syndrome, 308–309

Pineal region tumors, 103–104
Piracetam, for cyanotic syncope, 17
Pituitary adenoma, 343
Pituitary apoplexy, 340
PIVH. See Periventricular-intraventricular

hemorrhage (PIVH)
PKU. See Phenylketonuria (PKU)
Plagiocephaly, 384t
Plasmapheresis, for dermatomyositis, 187
Plexitis
acute idiopathic, 286–287
acute symptomatic, 287–290
brachial, 286
lumbar, 286–287
408
Plexopathies, 286–292
Plexus tumors, 290
Pneumococcal meningitis, 111
Poisoning, 74
Poliodystrophy, progressive infantile, 137
Poliovirus, 198
Polymyositis, 187
Polyneuropathies, 154t, 166, 166t
Polyradiculopathy
acute inflammatory demyelinating,

197–198
chronic inflammatory demyelinating, 198

Polyribosomes, seizures and, 15
Pompe disease, 174–175, 187
Pontobulbar palsy with deafness, 361–362
Porencephaly, 377
Porphyria, acute intermittent, 224
Postconcussion syndrome, 236
Posterior fossa decompression, 270
Posterior fossa tumors, 99t
Posthypoxic myoclonus, 306
Postimmunization encephalopathy, 64
Postnatal systemic disease, 384
Post-traumatic epilepsy, 78
Post-traumatic headache, 87
Postural tone, 153
Posturing
decerebrate, 3
tonic, 3

Potassium, for hypokalemic paralysis, 201
Prader-Willi syndrome, 157–159, 158t
Pramipexole, for restless legs syndrome, 307
Prednisone
for dermatomyositis, 186–187
for diffuse encephalomyelitis, 278
for Duchenne muscular dystrophy, 184
for idiopathic axonal neuropathy, 193
for infantile spasms, 20
for sarcoidosis, 355

Pregnancy, movement disorder in, 297
Premature newborns
bilirubin encephalopathy in, 8
periventricular-intraventricular hemorrhage in,

105–106
Premature newborns, apnea in, 3
Prescription drug overdoses, 73–74
Pressure, increased intracranial
arachnoid cysts and, 104
arterial aneurysms and, 106–107
arteriovenous malformations and, 107–108
astrocytoma and, 100–102
brain abscess and, 112–113
candidal meningoencephalitis and,

113–114
cerebral blood flow and, 94
cerebral edema and, 94
cerebrospinal fluid in, 93–94
in children, 95–96
choroid plexus tumors and, 99–100
coccidioidomycosis and, 114–115
corticosteroids and, 98
cryptococcal meningitis and, 115
diplopia and, 95
ependymoma and, 102–103



Index
Pressure, increased intracranial (Cont.)
epidural empyema and, 113
features of, 93t
glial tumors and, 100
headache and, 95
head elevation and, 98
herniation syndromes and, 97–98, 97t
in hydrocephalus, 99
hyperventilation and, 98
hypothermia and, 99
idiopathic, 116–117
in infants, 94–95
infectious disorders and, 108–115
intracranial hemorrhage and, 104–108
intraventricular hemorrhage and, 104–106
mass lesions and, 94
medical treatment of, 98–99
meningitis and, 108–113
monitoring, 98
osmotic diuretics and, 98
papilledema and, 95–96, 96f
pathophysiology of, 93–94
pentobarbital coma and, 99
pineal region tumors and, 103–104
primitive neuroectodermal tumors and, 103
strabismus and, 95
subdural empyema and, 113
symptoms and signs of, 94–98
tumors and, 99–104

Primary merosin-deficient congenital muscular
dystrophy, 172

Primary microcephaly, 380–381
Primary subarachnoid hemorrhage, 13–14
Primary transitional hypoglycemia, 9t
Primidone, 39t
administration of, 42
adverse effects of, 42
for essential tremor, 309–310
indications for, 42

Primitive neuroectodermal tumors, 103
Procainamide, for myotonic dystrophy, 196
Prochlorperazine maleate, for migraine, 84
Progressive ataxia, 228t, 237–246
Progressive bulbar palsy, juvenile, 353
Progressive cavitating leukoencephalopathy, 144
Progressive distal weakness, 189–196, 189t
Progressive encephalopathies, 119t, 120t,

126–144
Progressive hereditary ataxias, 242–246
Progressive hydrocephalus, 144
Progressive infantile poliodystrophy, 137
Progressive loss of vision, 341–345
Progressive myoclonus epilepsies, 30–31
Progressive proximal weakness, 179–188
Prolonged hypoxia, 53
Promethazine, for migraine, 83
Propranolol
for benign exertional headache, 86
for essential tremor, 309–310
for migraine, 84–85

Proprionic acidemia, 12
Prosencephalization, defective, 382–383
Proteolipid protein 1, 143
Proximal myotonic dystrophy, 185
Pseudoataxia, 235
Pseudobulbar palsy, 348
Pseudoseizures, 36–37
Pseudotumor cerebri, 116–117
Psychological disorders, 72–73
Psychosis, corticosteroid, 73
Ptosis
causes of, 316t
congenital, 316–317

Pulseless disease, 261–262
Pupil, fixed and dilated, 345–346
Pupillary disorders, 345–346
Pupillary light reflex, 333
Pure tone audiometry, 358
Pyridostigmine, for myasthenic syndromes,

168, 321
Pyridoxine
for homocystinuria, 129
for isoniazid-induced neuropathy, 193
for pyridoxine dependency, 14

Pyridoxine dependency, in newborns, 14
Pyrimethamine, for toxoplasmosis, 125
Pyrogenic abscess, 112
Pyruvate carboxylase deficiency, 161
Pyruvate dehydrogenase deficiency, 231

Q
Quadriceps myopathy, 183
Quadriplegia, 267
adrenomyeloneuropathy and, 275–276
approach to, 267
arachnoid cysts and, 268
arginase deficiency and, 276
arteriovenous malformations and, 269
astrocytoma and, 280
atlantoaxial dislocation and, 269–270
caudal regression syndrome and, 270
cerebral, 281–283
cerebral palsy and, 281–283
Chiari malformation and, 270
congenital malformations and, 268–273
cord infarction and, 276
corticosteroid-induced, 200
Devic disease and, 277–278
diffuse encephalomyelitis and, 278
diskitis and, 274–275
ependymoma and, 281
hereditary spastic, 273–274
herpes zoster myelitis and, 275
infections and, 274–275
Krabbe disease and, 276
lupus myelopathy and, 275
metabolic disorders and, 275–276
myelomeningocele and, 270–271
neuroblastoma and, 281
spastic, 283
spinal, 267–283, 268t
spinal cord concussion and, 279–280
spinal cord transection and, 279
spinal cord tumors and, 280–281
spinal epidural hematoma and, 280
symptoms and signs, 267–268
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Index
Quadriplegia (Cont.)
tethered spinal cord and, 271–273
transverse myelitis and, 276–278
trauma and, 278–280
tuberculous osteomyelitis and, 275
vertebral body fractures and, 278

Quinidine sulfate, for slow-channel syndrome, 182

R
Radial neuropathy, 290
Radiation therapy, for ependymoma, 102–103
Radiculitis, 219
Ragged-red fibers, 149–150, 213, 213f
Ramsay Hunt syndrome, 355
Rapamycin, for tuberous sclerosis, 139
Rapid-onset dystonia-parkinsonism, 304
Rasmussen syndrome, 34–35
Reading epilepsy, 35
Recurrent ataxia, 227–237, 227t
Refixation reflex, 333
Reflex(es)
dazzle, 333
in hypoxic-ischemic encephalopathy, 10
Moro, jitteriness and, 4
in motor unit disorders, 156
pupillary light, 333
refixation, 333
sucking, 347

Refsum disease, infantile, 160, 246, 359
Renal disorders, 68–70
Renal hypoplasia, congenital, 69
Respiratory chain myopathies, 212–213
Restless legs syndrome, 305, 307
Retinal artery occlusion, 340–341
Retinal disease, 340–341
Retinal migraine, 341
Retinal trauma, 341
Retinitis pigmentosa, 137–138
Retinoblastoma, 344
Rett syndrome, 141–142
Reye syndrome, 63–64
Rhabdomyolysis, 196
Rheumatic chorea, 297–298
Rheumatic fever, 256
Rheumatic heart disease, 256
Rickettsial infections, 56–57
Rigid spine syndrome, 216
Riley-Day syndrome, 159, 223
Rippling muscle disease, 216–217
Rizatriptan, for migraine, 84
Rocky Mountain spotted fever, 57
Rod myopathy, 171, 171f
Rolandic epilepsy, benign, 33–34
Rubella embryopathy, 124–125
Rubeola encephalitis, 61–62

S
St. Louis encephalitis, 59–60
Sandhoff disease, 133–134
Sanfilippo syndrome, 135
Santavuori-Haltia disease, 140
Sarcoidosis, 355
Scaphocephaly, 384t
410
Scapulohumeral peroneal syndromes, 196
Schäfer syndrome, 334
Schizophrenia, 73
Schwartz-Jampel syndrome, 207
Sciatica, 219
Scissoring, 156
Sclerosing panencephalitis, subacute, 147–148
Scoliosis
paraplegia and, 267
in syringomyelia, 225

Screening, metabolic, in progressive ataxias, 246t
Secondary microcephaly, 383–384
Secondary transitional hypoglycemia, 9t
Seesaw nystagmus, 330–331
Segmental myoclonus, 306–307
Seitelberger disease, 140–141
Seizure(s). See also Status epilepticus

aminoacidopathies and, in newborns, 5–7
apneic, 16–17
benign familial neonatal, 7
complex partial, 28–29
differential diagnosis of, in newborns, 4–10, 4t
febrile, in infants, 18–19
focal clonic, in newborns, 2
generalized, 35–37
hemiparetic, 255
immediate management of, 44
inborn errors of metabolism causing, 5t
in infants, 19–23
management of, 37–46
multifocal clonic, in newborns, 2
myoclonic

in children, 29–31
in infants, 19–23
in newborns, 2–3

neurocutaneous disorders causing, in infants, 20t
newborn movements resembling, 1t
partial, 31–35
patterns in newborn paroxysmal disorders, 1–3, 2t
pseudoseizures, 36–37
syncope vs., 1, 26–27
tonic, in newborns, 3
treatment of neonatal, 15–16
video-game induced, 37

Seizure headache, 91
Seizure-like events, in newborns, 3–4
Sensation disturbances, 222t
Sensory loss patterns, 219t
Sensory neuropathies, hereditary, 222–224
Sensory symptoms, 219
Sepsis, Gram negative, 55
Serum creatine kinase, 162–163
Severe childhood autosomal recessive muscular

dystrophy, 185
Severe head injury, 76–78
Severe myoclonic epilepsy of infancy, 22
Severe myotubular myopathy, 170
Shagreen patch, 139
Shaking injuries, 76
Shock, septic, 55
Shprintzen syndrome, 9
SIADH. See Syndrome of inappropriate antidiuretic

hormone secretion (SIADH)



Index
Sickle cell disease, 259–260
Siemens syndrome, 334
Single-artery infarction, 249
Sinusitis, 90
Skull fractures, 77
SLE. See Systemic lupus erythematosus (SLE)
Sleep disorders, in children, 24–26
Sleep paralysis, 25
Sleep terrors, 25–26
Sleepwalking, 25–26
Slow-channel syndrome, 181–182
Sly disease, 146
SMAs. See Spinal muscular atrophy(ies) (SMAs)
Sodium benzoate
for glycine encephalopathy, 6
for urea cycle disorders, 7

Sodium loss, 66
Sodium phenylacetate, for urea cycle disorders, 7
Somnambulism, 25–26
Sotos syndrome, 378
Spasms
infantile, 19–21
muscle, 205

Spasmus nutans, 328–329
Spastic diplegia, 282–283
Spastic paraplegia, hereditary, 273–274
Spastic quadriplegia, 283
Speech tests, 358
Sphingomyelin lipidosis, 135–136, 146–147
Spielmeyer-Vogt disease, 148–149, 148t
Spina bifida cystica, 271
Spinal cord
concussion of, 279–280
disorders of, hypotonia and, 161–162
infarction, neonatal, 276
injury of, hypotonia and, 161–162
tethered, 271–273
transection of, 279
tumors of, 280–281

Spinal disorders, 225–226
Spinal epidural hematoma, 280
Spinal muscular atrophy(ies) (SMAs), 154t,

163–166
autosomal dominant type, 180
autosomal recessive type, 179–180
congenital cervical, 165
distal, 190
infantile, 164–165, 164f

with respiratory distress type 1, 165

monoplegia and, 285–286
X-linked, 180

Spinocerebellar degeneration, 242
Spirochete, 56
Spongy degeneration of infancy, 142–143
Sprengel deformity, 269
Staring spells, 27–29
Status epilepticus, 43. See also Seizure(s)
drug treatment of, 44
electrical, during slow-wave sleep, 34
immediate management of, 44
management of, 43–44

Steppage gait, 177
Stereotypies, 307
Stiff infant syndrome, 26
Stiffness, 205
in Brody myopathy, 214
electromyography in, 206t
myopathic, 214–217
in myotonia congenita, 208
in myotonia fluctuans, 208
in neuromyotonia, 207
in rippling muscle disease, 216–217
in thyroid disease, 209

Strabismus
increased intracranial pressure and, 95
nonparalytic, 313–314

Streptomycin, vertigo and, 365
Stress, migraine and, 81
Stroke. See also Hemorrhage; Infarction
capsular, 257
causes of, 252t
cervical infections and, 253–254
cocaine use and, 254
congenital heart disease and, 255–256
evaluation of, 253t
familial hemiplegic migraine and, 262–263
imaging of, 252
incidence of, 252
indications of, 252
inherited states promoting, 253t
lactic acidosis and, 258–259
mitochondrial encephalopathy and, 258–259
ocular motility and, 318
sickle cell disease and, 259–260

Stumbling, 177
Sturge-Weber syndrome (SWS), 263–264
Stuve-Wiedemann syndrome, 207
Subacute necrotizing encephalopathy, 71, 137–138
Subacute sclerosing panencephalitis, 147–148
Subarachnoid hemorrhage
primary, 13–14
seizures in, 4

Subarachnoid space, benign enlargement of, 371,
371f, 372f

Subdural empyema, 113
Subdural hemorrhage, in newborns, 14
Substance abuse, 74–75
Sucking, 347
Sulfadiazine, for toxoplasmosis, 125
Sulfatide lipidosis, 192, 245
Sumatriptan
for cluster headache, 85
for migraine, 84

Superior oblique, 314t
palsy of, 322

Superior rectus, 314t
Suppression bursts, early epileptic encephalopathy

with, 21–22
Supratentorial epidural hematomas, 77
Supratentorial malformations, 108
Surgical approaches
to arterial aneurysm, 107
to arteriovenous malformations, 108
to astrocytoma, 102
to Chiari malformations, 241
to choroid plexus tumors, 100
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Surgical approaches (Cont.)
to ependymoma, 102–103
to epilepsy, 45–46
to medulloblastoma, 239–240
to primitive neuroectodermal tumors, 103
to supratentorial malformations, 108

Swallowing, 347
Swollen disk, differential diagnosis of, 96t
SWS. See Sturge-Weber syndrome (SWS)
Sydenham chorea, 297–298
Symptomatic generalized dystonia, 304–305
Symptomatic myoclonus, 306–307
Symptomatic plexitis, acute, 287–290
Syncope
in children, 26–27
cyanotic, in infants, 17
in infants, 16–18
pallid, in infants, 17–18
seizure vs., 1, 26–27

Syndrome of inappropriate antidiuretic hormone
secretion (SIADH), 65–66

Syndromic congenital muscular dystrophy, 173
Syphilis, congenital, 123
Syringobulbia, 225, 356
Syringomyelia, 225–226, 226f
Systemic lupus erythematosus (SLE), 71,

261, 297

T
Taenia solium, 31
Takayasu arteritis, 261–262
Tapetoretinal degeneration, 344–345
Tapeworm larvae, 31
Tardive dyskinesia, 294, 295–296
Tardive dystonia, 299
Tarui disease, 211
Tay-Sachs disease, 120t, 126t, 134, 144, 180, 245
Tegretol. See Carbamazepine
Telangiectasia, 243
Telling parents bad news, 126
Temporal lobectomy, 46
Temporal lobe epilepsy, 35
Temporomandibular joint (TMJ) syndrome, 90
Tendon reflexes, in motor unit disorders, 156
Tensilon test, 163
Tension headache, 87–88, 89–90
Tetany, hypocalcemic, 208
Tethered spinal cord, 271–273
Tetrabenezine
for dystonia in Leigh disease, 138
for Lesch-Nyhan disease, 141

Tetracycline, for Rocky Mountain spotted
fever, 57

Thalamic pain, 226
Thiamine, for maple syrup urine disease, 5, 231
Thiamine deficiency, 71
Thrombosis
cavernous sinus, 319
idiopathic cerebral venous, 13

Thymectomy, for myasthenia gravis, 321
Thyroid disease, 209
Thyroid disorders, 66–67
Thyroid ophthalmopathy, 324
412
Tiagabine
administration of, 42
adverse effects of, 42
indications for, 42

Tick paralysis, 200
Tics, 305, 307–309
Tinnitus, 357
TMJ. See Temporomandibular joint (TMJ)

syndrome
Toe walking, 178
Tone, 153
maintenance of, 153
phasic, 153
postural, 153

Tonic posturing, 3
Tonic pupil syndrome, 346
Tonic seizures, in newborns, 3
Topamax. See Topiramate
Topiramate, 39t
administration of, 42
adverse effects of, 42
for complex partial seizures, 29
indications for, 42
for juvenile myoclonic epilepsy, 30
for Lennox-Gastaut syndrome, 23
for migraine, 85

Torsion dystonia, idiopathic, 303
Torticollis
movement disorders and, 299–300
in syringomyelia, 225

Tourette syndrome, 307–309
Toxic encephalopathies, 73–75
Toxic-nutritional optic neuropathies,

339–340
Toxic shock syndrome, 57
Toxin-induced neuropathy, 194
Toxoplasmosis, 125
Traction response, 153–155, 154f
Transient global amnesia, 72
Transitory lateral rectus palsy, 322
Transitory neonatal myasthenia, 168
Transitory post-traumatic cerebral blindness,

337–338
Transtentorial herniation
bilateral, 98
unilateral, 97–98

Transverse myelitis, 276–278
Trauma
ataxia and, 236
brachial plexus, 289–290
from breech presentation, 161–162
carotid artery, 254
complex regional pain syndrome and, 220
facial weakness and, 356
head

in newborns, 13–14
overview of, 75–78

hemiplegia and, 263
lumbar plexus, 290
ocular motility disorders and, 322
paraplegia and, 278–280
retinal, 341
spinal cord, hypotonia and, 161–162



Index
Trauma (Cont.)
vertebral artery, 254
vertigo and, 367–368

Traumatic optic neuropathies, 340
Tremor, 305, 309–310
Tricarboxylic cycle, 11
Trichloroethylene, 356
Trichopoliodystrophy, 142
Tricyclic antidepressants, overdose of, 74
Trigeminal nerve, in headache, 79
Triggering factors, in migraine, 81–82
Triglycerides, ATP and, 209
Trigonocephaly, 384t
Triheptanoin, for pyruvate carboxylate

deficiency, 161
Trileptal. See Oxcarbazepine
Trochlear nerve palsy, 314–315
Tuberculosis, 111, 140
Tuberculous meningitis, 111–112
Tuberculous osteomyelitis, 275
Tuberous sclerosis, 139
Tubular aggregates, 214–215, 214f
Tumors
ataxia and, 228, 237–240
congenital brain, 375
facial weakness and, 356
foramen magnum, 221
hemiplegia and, 253, 263
intracranial pressure and, 99–104
orbital, 322
plexus, 290
spinal cord, 280–281

Tyrosinemia, hereditary, 224–225

U
Ulnar neuropathy, 290–291
Unilateral ophthalmoplegia, acute, 317–323, 317t
Unilateral transtentorial herniation, 97–98
Unverricht-Lundborg disease, 30–31
Upbeat nystagmus, 330
Urea cycle, 6f
Urea cycle disturbances, in newborns, 6–7
Uremia, 209
Uremic encephalopathy
acute, 68–69
chronic, 69

Uremic neuropathy, 194
Usher syndrome, 360

V
Vaccines, encephalopathy associated with, 64
Vagal nerve stimulation, for seizures, 45
Valganciclovir, for cytomegalic inclusion disease, 124
Valine, in maple syrup urine disease, 5, 5f
Valproate, 39t
for absence epilepsy, 28
administration of, 43
adverse effects of, 43
for benign myoclonic epilepsy, 21
for complex partial seizures, 29
for electrical status epilepticus during slow wave

sleep, 34
indications for, 43
Valproate (Cont.)
for infantile spasms, 21
for juvenile myoclonic epilepsy, 30
for Lafora disease, 30
for Lennox-Gastaut syndrome, 23
for migraine, 85
for stiff infant syndrome, 26
for Unverricht-Lundborg disease, 31

Vancomycin, for bacterial meningitis, 110–111
Varicella, 262
Vascular disorders, ataxia and, 236–237
Vasculitis
headache and, 88
hypersensitivity, 89, 260–261
limb weakness and, 194

Vasculopathy, 194
Vasogenic edema, 94
Vegetative state, persistent, 54
Vein of Galen malformation, 375–376, 376f
Velocardiofacial syndrome, 9
Vermal aplasia, 241
Vertebral artery disorders, 253–254
Vertebral artery trauma, 254
Vertebral body fractures, compressed, 278
Vertebral column dislocation, 279
Vertebrobasilar occlusion, 236–237
Vertical gaze palsy, 326
Vertical ocular motor apraxia, congenital, 326
Vertical suspension, 155, 155f
Vertigo
anatomical considerations in, 364
approach to, 364–365
bacterial infections and, 366
benign paroxysmal, 23, 232
caloric testing in, 364–365
causes of, 363t, 365–368
drugs and, 365–368
epilepsy and, 365
history in, 364
infections and, 366
Meniere disease and, 366–367
migraine and, 367
motion sickness and, 367
peripheral vs. central, 365t
physical examination in, 364
trauma and, 367–368
vestibular concussion and, 367–368
viral infections and, 366
whiplash and, 368

Very-long-chain acetyl coenzyme A dehydrogenase
deficiency, 211–212

Vestibular concussion, 367–368
Vestibular nystagmus, 329–330
Video, of paroxysmal spells, 1
Video game-induced seizures, 37
Vigabatrin, 39t
administration of, 43
adverse effects of, 43
indications for, 43
for infantile spasms, 21
for Lennox-Gastaut syndrome, 23

Vincristine-induced neuropathy, 193
Viral classification, 58
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Viral infections
causing acute general weakness, 198–199
causing altered consciousness, 57–62

Vision, binocular, 313
Visual disorders
acute blindness, 336–341
Adie syndrome, 346
aniridia, 345
Bardet-Biedel syndrome, 344–345
benign essential anisocoria, 345
central retinal artery occlusion, 340–341
Cockayne syndrome, 345
coloboma, 336
compressive optic neuropathy, 341–343
congenital blindness, 333–336
congenital cataract, 334–335
congenital optic nerve hypoplasia,

335–336
corneal clouding, 334t
craniopharyngioma, 341–342
demyelinating optic neuropathy, 338–339
fixed, dilated pupil, 345–346
hereditary optic neuropathy, 343–344
Horner syndrome, 346
hysterical blindness, 338
ischemic optic neuropathy, 339
Laurence-Moon syndrome, 345
Leber congenital amaurosis, 343–344
optic neuropathies, 338–340
pituitary adenoma, 343
pituitary apoplexy, 340
progressive loss of vision, 341–345
pupillary disorders, 345–346
retinal disease, 340–341
retinal migraine, 341
retinal trauma, 341
retinoblastoma, 344
tapetoretinal degeneration, 344–345
tonic pupil syndrome, 346
toxic-nutritional optic neuropathy,

339–340
transitory post-traumatic cerebral blindness,

337–338
traumatic optic neuropathies, 340
Wolfram syndrome, 344

Visual evoked response, 333
Vitamin B12, for methylmalonic acidemia, 11
Vitamin E, for abetalipoproteinemia, 243
Vomiting, epilepsy associated with ictal, 33
von Hippel-Lindau disease, 238

W
Waardenburg syndrome (WS), 360–361
Walker-Warburg syndrome, 173, 376
Weakness
facial, 347–356
41
causes of, 348t
diagnostic approach to, 347–349
hypertension and, 354
motor unit disorders and, 348–349
pseudobulbar palsy and, 348
trauma and, 356
tumors and, 356
4

Weakness (Cont.)
limb

in acute infectious myositis, 197
in acute inflammatory demyelinating
polyradiculopathy, 197–198

in acute motor axonal neuropathy, 198
acute onset, 196–200
in amyotrophic lateral sclerosis, 190
in autosomal dominant childhood-onset distal
myopathy, 194

in autosomal dominant spinal muscular
atrophy, 180

in autosomal recessive distal myopathy, 194–195
in autosomal recessive spinal muscular atrophy,
179–180

in Becker muscular dystrophy, 183–184
in Bethlem myopathy, 182
in botulism, 199–200
in carnitine deficiency, 188
in Charcot-Marie-Tooth disease, 190–192
in chronic inflammatory demyelinating
polyradiculopathy, 198

clinical features of, 177–179
in dermatomyositis, 185–187
in distal spinal muscular atrophy, 190
in drug-induced neuropathy, 193
in Duchenne muscular dystrophy, 183–184
in Emery-Dreifuss muscular dystrophy type 1,
196

in enterovirus infections, 198–199
in facioscapulohumeral dystrophy, 184–185
in giant axonal neuropathy, 192
in GM2 gangliosidosis, 180–181
in idiopathic axonal neuropathy, 193
in inclusion body myopathy 2, 195
infectious disorders causing acute, 197–199
initial complaint in, 177–178
in limb-girdle myasthenia, 181
in metachromatic leukodystrophy, 192
in muscular dystrophies, 182–185
in myasthenic syndromes, 181–182
in myotonic dystrophy, 195–196
in neuromuscular blockade, 199–200
in neuronopathy, 190
in neuropathy, 190–194
physical findings in, 178–179
in polymyositis, 187
in Pompe disease, 187
progressive distal, 189–196, 189t
progressive proximal, 179–188
in proximal myotonic dystrophy, 185
in severe childhood autosomal recessive
muscular dystrophy, 185

in slow-channel syndrome, 181–182
in uremic neuropathy, 194
in vasculitis, 194
viral infections causing, 198–199
in West Nile virus infection, 199
Weber test, 358
West Nile virus
acute weakness from, 199
encephalitis, 60

Whiplash, 90–91, 368
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White matter disorders, 142–144, 150–151
Wilson disease, 302
Wolfram syndrome, 344
Wolman disease, 131
Writer’s cramp, 300
WS. See Waardenburg syndrome (WS)

X
Xanthomatosis, cerebrotendinous, 151
Xeroderma pigmentosum, 150
X-linked cerebellar hypoplasia, 241
X-linked hydrocephalus, 373
X-linked inheritance, ataxia and, 246
X-linked myalgia and cramps, familial, 215
X-linked spinal muscular atrophy, 180
Y
Yeasts, 113

Z
Zarontin. See Ethosuximide
Zellweger syndrome, 160
Zidovudine, for HIV infection, 127
Ziprasidone, for Tourette syndrome,

308–309
Zonegran. See Zonisamide
Zonisamide, 39t
administration of, 43
adverse effects of, 43
indications for, 43
for infantile spasms, 21
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