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Computed tomography (CT) and magnetic resonance (MR) imaging
have dramatically improved the ability to visualize the deep gray struc-
tures of the basal ganglia (primarily, the caudate nucleus, putamen,
and globus pallidus). Any process that alters cerebral metabolism can
lead to basal ganglia damage. This article presents the spectrum of
disease that may be seen with bilateral basal ganglia abnormalities in
the pediatric population. A simplified approach to the differential di-
agnosis of these entities is based on acute versus chronic conditions
and radiologic manifestations. Acute processes include hypoxia, hypo-
glycemia, carbon monoxide poisoning, hemolytic-uremic syndrome,
osmotic myelinolysis, and encephalitis. Chronic conditions include
inherited (‘‘inborn errors of metabolism,”” Huntington disease, and
dysmyelinating diseases) or acquired (sequelae of acute disorders)
conditions that represent abnormal biochemical or structural pro-
cesses within the basal ganglia. Elimination of acute causes gives little
hope for improvement. Recognition of chronic disorders is important
for counseling purposes, since most of these conditions have specific
patterns of inheritance.

Abbreviations: ATP = adenosine triphosphate, CoA = coenzyme A
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in these regions over time.

m INTRODUCTION

The basal ganglia—comprised principally of
the caudate nucleus, putamen, and globus
pallidus (Figs 1, 2)—form the core of the ex-
trapyramidal system. The basal ganglia receive
projections from almost every region of the
cerebral cortex, which enables them to inte-
grate extrapyramidal motor activity. Histori-
cally, abnormalities in movement have been
attributed to diseases of the basal ganglia;
however, not all basal ganglia abnormalities
manifest with a characteristic movement dis-
order. This apparent lack of neurologic speci-
ficity is particularly true of diffuse basal gan-
glia diseases encountered during childhood.
With the clinical history and radiologic data,
however, one may limit the differential con-
siderations. In this article, we discuss this sim-
plified approach to bilateral basal ganglia le-
sions. Additionally, the normal predisposing
factors for basal ganglia injury are presented.

® PREDISPOSING FACTORS

Buried within each cerebral hemisphere, the
basal ganglia regulate extrapyramidal motor
activity. This process is dynamic and demands
chemical energy primarily in the form of aden-

Figures 1, 2. Normal basal ganglia. (1) Axial T2-weighted magnetic resonance (MR) image of the brain of a
healthy 3-year-old child shows the caudate nucleus (C), putamen (P), and globus pallidus (G). (2) Axial T2-
weighted MR image of the brain of a healthy 8-year-old child shows the characteristic MR appearance of the
basal ganglia. Abbreviations are the same as those in Figure 1. With normal maturation, there is progressive
darkening of the T2-weighted signal intensity. This phenomenon, which occurs first in the globus pallidus
(compare Figs 1 and 2) and later in the putamen, is thought to result from the progressive deposition of iron

osine triphosphate (ATP). The high energy
requirement of the basal ganglia, in turn,
mandates a rich blood supply and a high con-
centration of trace metals (1). Unfortunately,
these same features make the basal ganglia
vulnerable to systemic conditions both short
and long term. This susceptibility for damage
is especially true during childhood when

the metabolic needs of the basal ganglia are
greater (2).

® Metabolism

The metabolic requirements of the basal gan-
glia are attributable to their neurotransmis-
sive role. The synaptic integration of informa-
tion by the basal ganglia requires a ready
supply of ATP. ATP is necessary to maintain
the transmembrane ion gradients important
for neuronal conduction and to regulate
transmitter synthesis, release, and reuptake.
Under normal conditions, ATP is efficiently
produced by aerobic respiration and oxidative
phosphorylation (Fig 3) within mitochondria
(1-4).

The acute deprivation of oxygen (hypoxia,
carbon monoxide poisoning) or glucose (hy-
poglycemia) results in insufficient and ineffi-
cient production of ATP via anaerobic routes
and in diffuse basal ganglia damage (5-10).
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Figure 3. Basal ganglia metabolism. Drawing shows that the production of ATP by the mitochondria re-
quires a variety of biochemical pathways (simplified here). Most entities that preferentially affect the basal
ganglia do so by altering basal ganglia metabolism. Dashed lines = the proposed sites of metabolic abnor-
mality (also simplified) seen with these disorders, ADP = adenosine diphosphate, CO, = carbon dioxide,
H = hydrogen, H,O = water, MSUD = maple syrup urine disease, NADH = reduced nicotinamide adenine

dinucleotide, O, = oxygen, P; = inorganic phosphate. (Courtesy of Venetia E. Valiga, Department of Scien-
tific Illustrations, Armed Forces Institute of Pathology, Washington, DC.)
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Similarly, long-term abnormalities in aerobic
respiration (Leigh disease, ‘‘lactic acidemias,”
glutaric acidemia type II) or mitochondrial
structure (mitochondrial cytopathy) lead to
basal ganglia injury (4,11). Disorders that
limit the processing of other energy sub-

strates, such as amino acids and fatty acids, for

use in the citric acid cycle (maple syrup urine
disease, glutaric acidemia type II, propionic
aciduria, methylmalonic aciduria) also result
in basal ganglia damage (1,4,11).

The high metabolic rate of the basal ganglia
rivals that of the cerebral and cerebellar corti-
ces (1,2). By using fluorodeoxyglucose posi-
tron emission tomography, Chugani et al (2)
showed the basal ganglia metabolic rate of
children to be especially increased, greater
than that of the adult. The additional energy
demand of the basal ganglia during childhood
can be attributed to that of normal develop-
ment, which includes that required for my-
elination (10).

® Vascularity

The metabolic needs of the basal ganglia are
matched by their marked vascularity (Fig 4)
(1). A rich vascular bed is necessary to provide
nutrients and substrates for the active metab-
olism of the basal ganglia and to remove un-
wanted metabolic by-products. Interruption
of the vascular supply of the basal ganglia
(strangulation, as in child abuse, or micro-
thrombosis, as in hemolytic-uremic syn-
drome) results in their injury (4-9). Addition-
ally, the vascular nature of the basal ganglia
may predispose the child to an infection car-
ried in the blood (such as encephalitis).

® Trace Metals

The basal ganglia house high concentrations
of trace metals such as iron, copper, and man-
ganese (1,12,13). These trace metals, iron in
particular, are important cofactors necessary
for the normal metabolic activity of the basal
ganglia. However, these same trace metals
may also be involved in deleterious biochemi-
cal reactions (1,6,14). Iron, for example, cata-
lyzes the production of destructive oxygen
free radicals by means of the Haber-Weiss re-
action. The normally higher concentration of
trace metals within the basal ganglia may ac-
centuate their vulnerability to altered metabo-

Figure 4. Normal brain perfusion. Axial tomo-
gram from a technetium hexamethyl-propylene-
amine oxime study of a healthy young child dem-
onstrates the marked increased vascularity of the
basal ganglia, which is comparable to that of the
cerebellum.

lism. Additionally, the toxic accumulation of
trace metals such as iron (Hallervorden-Spatz
disease), copper (Wilson disease), and manga-
nese (chronic manganese intoxication) may
result in destruction of the basal ganglia
(1,15).

The high concentrations of iron in the basal
ganglia are believed to account for their char-
acteristic MR imaging signal intensities, a fea-
ture that increases the conspicuity of basal
ganglia abnormalities. Iron, more specifically
iron compounds such as ferritin, is paramag-
netic and thus detectable on MR images (16—
19). Iron creates local inhomogeneity within
the magnetic field and dephases the spin, re-
sulting in a signal dropout (T2* effect) that is
best appreciated on T2-weighted MR images.
The degree of signal loss on MR images varies
with both the concentration of iron and the
strength of the magnetic field of the imager.
The MR imaging detection of iron has been
theorized to begin at concentrations of 10—15
mg/100 g (19).

Initially, the signal intensity of the basal
ganglia approximates that of the cerebral cor-
tex. However, with the normal increase in
basal ganglia iron, which occurs with aging,
there is progressive darkening of the signal
intensity of the basal ganglia on MR images.
At age 6 months, the globus pallidus becomes
increasingly dark on T2-weighted MR im-
ages (T2* effect), a process that progresses
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Table 1
Childhood Diseases of the Basal Ganglia

Acute

Hypoxia

Hypoglycemia

Carbon monoxide poisoning

Hemolytic-uremic syndrome

Other diseases
Osmotic myelinolysis
Encephalitis

Chronic

Inborn errors of metabolism
Leigh disease
MELAS
Glutaric acidemia type Il
Methylmalonic acidemia
Maple syrup urine disease
Wilson disease

Degenerative diseases
Juvenile Huntington disease
Sequelae of acute insults

Basal ganglia calcification

Dysmyelinating diseases
Canavan disease
Metachromatic leukodystrophy

Other diseases
Neurofibromatosis type 1

Note.—MELAS = mitochondrial myopathy,
encephalopathy, lactic acidosis, and strokelike
episodes.

throughout childhood (Figs 1, 2) (19). A simi-
lar phenomenon occurs during early adult-
hood in the putamen and in later adulthood
in the caudate nucleus (16-19).

B BASAL GANGLIA PATHOLOGIC
PROCESSES

As with other diffuse conditions of the central
nervous system, bilateral basal ganglia lesions
frequently manifest with nonfocal clinical fea-
tures ranging from increased irritability, leth-
argy, seizure, behavioral changes, or dystonia

to more serious respiratory distress and coma.

Occasionally, patients may manifest with a
movement disorder such as chorea, which
suggests a specific disease entity (Huntington
disease), but this is uncommon. The abrupt-
ness of symptom onset, however, helps direct
the differential diagnosis into two categories
of disease (Table 1). The disorders that mani-
fest short term usually result from iatrogenic

or environmental insults. The clinical histo-
ries in these children are usually necessary to
determine the specific cause. Typically, these
patients are well until a precipitating event or
period in time.

If acute causes are eliminated, chronic pro-
cesses that may involve the basal ganglia must
be considered. This second group of condi-
tions (Table 1) represent inherent biochemi-
cal or structural abnormalities within the
basal ganglia that are predominantly irrevers-
ible. Children with these conditions may also
present with a wide spectrum of symptoms,
albeit chronic, ranging from dramatic rigidity,
gait disturbance, or chorea to relatively no
symptoms. Movement disorders are more
commonly seen in these patients. Further-
more, the size of the basal ganglia lesions
does not necessarily correlate with the sever-
ity of the clinical findings.

Of course, substantial overlap exists be-
tween acute and chronic processes. Acute in-
juries may result in permanent basal ganglia
damage, and chronic processes may manifest
acute exacerbations or be superimposed with
acute toxicities.

The following discussion is concerned with
the differential clinical and radiologic features
of diffuse basal ganglia abnormalities of child-
hood. We suggest a simplified approach to
these lesions in the pediatric patient based
on the clinical presentation of acute versus
chronic symptoms (Table 1).

® Acute Conditions

The basal ganglia are prone to injury by any
insult that decreases the availability of ATP.
The neuronal damage results from disruption
of the ATP-dependent sodium-potassium
pump and the ion gradients that it regulates.
The intracellular retention of sodium leads to
an increase in intracellular water and cyto-
toxic edema. The depletion of ATP also results
in the extracellular accumulation of gluta-
mate, the main neurotransmitter of cortical
nerve fibers. Glutamate is a potent excito-
toxin, which, through its actions on N-methyl-
D-aspartate receptors, results in the intracellu-
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6a. 6b.

Figures 5, 6. Hypoxia. (5a) Unenhanced axial computed tomographic (CT) scan of a 4-month-old boy, ob-
tained immediately after a witnessed episode of respiratory arrest, reveals hemorrhagic infarction of the
basal ganglia and thalami on a background of diffuse cerebral edema. (5b) Unenhanced axial CT scan ob-
tained 1 month later demonstrates profound cystic encephalomalacia to include the basal ganglia, reflecting
the severity of the hypoxic damage. Note bilateral basal ganglia calcifications. (6a) Unenhanced axial CT scan
of a 7-day-old full-term newborn who experienced perinatal asphyxia shows diffuse low attenuation within
the basal ganglia. (6b) Unenhanced axial CT scan obtained at follow-up 4 years later demonstrates atrophy
of the basal ganglia, which is most dramatic in the putamina.
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Figures 7, 8.

(7) Hypoxia from near drowning. Unenhanced axial CT scan of a 5-year-old boy who was

found submerged in the bathtub, blue and breathless, shows symmetric areas of low attenuation in the globi
pallidi. The boy was successfully resuscitated by his mother. (8) Hypoxia from child abuse (strangulation).
Unenhanced axial CT scan of a toddler who ultimately died demonstrates the *‘CT reversal sign,’” which re-
fers to the pattern of diffusely decreased attenuation of the cerebral gray and white matter, with loss of the
normal gray-white matter differentiation. The peripheral cerebral area of relative low attenuation accentu-
ates the higher attenuation of the less involved central nuclei—in this case, the thalami. The basal ganglia are
not always as involved and may retain their attenuation on CT scans; however, in this case, they appear as

areas of low attenuation.

lar influx of calcium. The intracellular in-
crease in calcium, in turn, initiates a series of
degradative enzymatic cascades that lead to
free radical formation, lipid peroxidation, and
ultimately cell death. The basal ganglia, which
are richly innervated by the cerebral cortex,
contain high concentrations of glutamate and
a large number of N-methyl-p-aspartate recep-
tors (4-11).

Hypoxia.—Any process that diminishes ATP
production can lead to basal ganglia damage
(4-9,11). The acute deprivation of oxygen
(hypoxia) results in the redirection of glucose
metabolism toward anaerobic pathways for
energy production (Fig 3). Anaerobic respira-
tion produces inadequate amounts of ATP
and inflicts further cellular damage by creat-
ing lactic acidosis. Lactic acidosis alters the
intracellular environment and uncouples met-
abolic activity. Hypoxia, whether secondary to
respiratory arrest (Figs 5a, 6a), near drowning

(Fig 7), or strangling (Fig 8), will result in dif-
fuse basal ganglia injury (10,20-24). If hy-
poxic damage is extensive, the CT reversal
sign (Fig 8) may be seen, which has a poor
prognosis and indicates irreversible brain
damage (20,21).

Hypoglycemia.—Hypoglycemia has also
been reported to have manifestations analo-
gous to those of hypoxia (25-29). The ab-
sence of glucose, like that of oxygen, un-
couples the normal cerebral metabolism.
Although the mechanism for injury may be
slightly different, as lactic acidosis does not
occur in hypoglycemia, the final pathway of
decreased ATP is similar. Hemorrhage, which
may be seen with hypoxic damage, however,
is rarely seen with hypoglycemic damage (26).
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9.

Figures 9, 10. Carbon monoxide poisoning. (9) Unenhanced axial CT scan of a lethargic 6-year-old child
whose home had a charcoal heater demonstrates low-attenuation lesions of the globi pallidi, typical with this
type of toxicity. (Image courtesy of James G. Smirniotopoulos, MD, Department of Radiologic Pathology,
Armed Forces Institute of Pathology, Washington, DC.) (10) Axial T2-weighted MR image of an adolescent
girl who was somnolent and unresponsive from gas fumes in an enclosed garage depicts high-signal-intensity
lesions in the globi pallidi and, to a lesser degree, in the caudate nuclei and putamina.

Carbon Monoxide Poisoning.—Oxygen
delivery to the basal ganglia can also be re-
duced after carbon monoxide poisoning. The
three proposed mechanisms for carbon mon-
oxide toxicity are its (@) competitive binding
to hemoglobin, decreasing the availability of
oxyhemoglobin; () shifting of the oxyhemo-
globin dissociation curve to the left, decreas-
ing the oxygen release in tissue; and (c¢) direct
toxicity on mitochondria through binding to
cytochrome a3 (30,31). It is interesting that
carbon monoxide preferentially affects the

globus pallidus (Figs 9, 10) but may affect the
remainder of the basal ganglia (Fig 10) and
cerebral white matter. The prognosis, how-
ever, correlates more with the degree of white
matter injury and not the extent of pallidal
damage (30).

Hemolytic-Uremic Syndrome.—Oxygen
(and glucose) delivery to the basal ganglia is
also disrupted by vascular occlusion. Hemo-
lytic-uremic syndrome is an uncommon multi-
system disorder associated with microthrom-
bosis of the basal ganglia (Fig 11a). This
syndrome is characterized by microangio-
pathic hemolytic anemia, acute renal failure,
thrombocytopenia, and microthrombosis.
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Figure 11. Microthrombosis as a result of hemolytic-uremic syndrome. (a) Unenhanced axial CT scan of a
1-year-old comatose girl reveals symmetric areas of low attenuation throughout the basal ganglia and thal-
ami. (b) Unenhanced axial CT scan obtained 6 months later demonstrates atrophy of the caudate, with cystic
encephalomalacia of the putamina, globi pallidi, and thalami.

Most patients are younger than age 5 years.
Neurologic complications have been reported
in 20%-50% of patients. Microthrombosis of
the basal ganglia, thalami, hippocampi, and
cortex may occur. Large vessel thrombi have
also been reported (32).

The basic mechanism for acute cellular
damage by hypoxia, hypoglycemia, carbon
monoxide poisoning, and hemolytic-uremic
syndrome is similar in that all result in a de-
creased level of ATP. The clinical features
may, therefore, mimic one another. The sever-
ity of symptoms depends on the extent of ex-
posure to the insult and ranges from mild
lethargy and weakness to coma or even death.

One can determine the underlying cause for
the injury only by taking a careful clinical his-
tory.

Other Diseases.—The basal ganglia, proba-
bly because of their metabolism, are also very
sensitive to electrolyte imbalances. In particu-
lar, the rapid correction of sodium can result
in osmotic myelinolysis (central pontine and
extrapontine myelinolysis). Typically, the cen-
tral pons (Fig 12a) is affected, but the basal
ganglia (Fig 12b), thalami, and other ex-
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a.

Figure 12. Osmotic myelinolysis. Axial T2-
weighted MR images of a dehydrated teenaged girl
(initial sodium level, 105 mmol/dL), who was ad-
ministered vigorous fluid and sodium correction
therapy, reveal high-signal-intensity lesions in the

glia (b, extrapontine myelinolysis). Although her
condition initially improved after rehydration,

a pseudocoma state (‘‘locked-in”’ syndrome). After
conservative management and rehabilitation, she

basal ganglia lesions.

trapontine locations may also be involved.
Isolated extrapontine myelinolysis has also
been reported (33-38).

In osmotic myelinolysis, there is preferen-
tial loss of myelin with relative preservation of
neurons and axons. Norenberg et al (37) pos-
tulated that the mixture of gray and white
matter in the affected regions accounts for its
distribution. The rapid correction of sodium
in some way results in the release of myelino-
toxic compounds by the gray matter compo-
nents. The lack of involvement of regions con-
sisting of predominantly white matter, such as
the internal capsule, or predominantly gray
matter, such as cerebral cortex in osmotic my-
elinolysis, supports this theory (33-38).

This entity was first reported in malnour-
ished alcoholic adults (35) but has also been
reported in children and adolescents (33,34).
Neurologic manifestations include spastic
quadriparesis and pseudobulbar palsy, with

pons (a, central pontine myelinolysis) and basal gan-

within 2 weeks, her neurologic course progressed to

recovered completely. (c) Axial T2-weighted MR im-
age obtained 4 months later shows resolution of the

progression in 3—5 days to pseudocoma
(locked-in syndrome). Although death is a
common feature, survival beyond 6 months
can be seen in up to 10%. If recovery from
osmotic myelinolysis occurs, the extrapontine
lesions resolve first (Fig 12c) (33). When os-
motic myelinolysis occurs and the patient
dies, it is from a secondary complicating ill-
ness, usually respiratory (34—38).

Diffuse cerebral encephalitis results when
organisms, usually viral agents, overwhelm
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13a.

14a.

13b.

14b.

Figures 13, 14. Encephalitis. (13a) Initial axial T2-weighted MR image of a 3!;-year-old child with a 2-day
history of fever and vomiting associated with a 45-minute seizure reveals bilateral hyperintense basal ganglia
lesions. After administration of acyclovir, the child fully recovered. (13b) Axial T2-weighted MR image ob-
tained 1 week later demonstrates almost complete resolution of the basal ganglia lesions. (14a) Unenhanced
axial CT scan of a 1Y:-year-old child with fever, who, according to a measurement of cerebrospinal fluid viral
titers was found to have eastern equine encephalitis, reveals symmetric hemorrhagic infarction of the cau-
date nuclei and putamina. (14b) Subsequent unenhanced axial CT scan obtained 2 weeks later shows pro-

gression of the condition.

the host defenses. The richly vascularized
basal ganglia, with their end-vessel vascular
supply, are prone to infections carried in the
blood. Patients typically present with head-
ache, lethargy, vomiting, anorexia, and sei-
zure. Fever may or may not be present. The
basal ganglia may be involved with transient
findings (Fig 13). However, encephalitis may

also result in vascular compromise, hypoxic
damage, and subsequent hemorrhagic infarc-
tion (Fig 14) (39—41).

Methanol (42), cyanide (43), and hydrogen
sulfide (44) poisoning have also been re-
ported to preferentially affect the basal gan-
glia in adults, but their occurrence in children
is rare.
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a. .
Figure 15. Leigh disease. T2-weighted MR images of an 18-month-old boy with developmental delay and
lactic acidosis reveal symmetric involvement of the caudate nuclei and putamina (a) and the tegmentum

(b, arrow).

® Chronic Conditions

Inherited or acquired (sequelae of acute dis-
orders) conditions may result in long-term
abnormalities of the basal ganglia. These dis-
eases represent inherently abnormal bio-
chemical or structural processes within the
basal ganglia. Thus, the elimination of acute
causes of basal ganglia abnormality suggests
little hope for clinical improvement. Recogni-
tion of these chronic disorders is important
for counseling purposes because most have
specific patterns of inheritance.

Inborn Errors of Metabolism.—Leigh dis-
ease (subacute necrotizing encephalomyelop-
athy) is the prototypic metabolic disease that
involves the basal ganglia. Leigh disease is an
autosomal recessive biochemical disorder
characterized by deficiencies in pyruvate car-
boxylase, pyruvate dehydrogenase complex,
or cytochrome ¢ oxidase (Fig 3). These en-
zyme deficiencies result in abnormal pyruvate
metabolism with redirection of ATP produc-
tion to anaerobic mechanisms. Children with
Leigh disease have lactic acidosis with ele-
vated cerebrospinal fluid and serum lactate to
pyruvate ratios. Patients are typically healthy

at birth but develop progressive spasticity and
dystonia with episodic neurologic and respira-
tory exacerbations. Leigh disease has a pro-
pensity to involve the putamina but may also
affect the other basal ganglia (Figs 15a, 16) as
well as the thalami, brain stem (Fig 15b), and,
less commonly, white matter (Fig 16) (11,15,
45-47).

A number of other enzyme deficiencies or
mitochondrial defects—probably, a variation
of Leigh disease—can also lead to abnormal
pyruvate metabolism and lactic acidosis with
basal ganglia manifestations, particularly in
the globi pallidi (Fig 17). These disorders,
including Leigh disease, are part of a broader
category—the lactic acidemias (11).

The mitochondrial cytopathies represent a
peculiar subset of the lactic acidemias, typi-
fied by structurally abnormal mitochondria
that are identified as ‘‘ragged red” fibers in a
muscle biopsy specimen. Mitochondrial my-
opathy, encephalopathy, lactic acidosis, and
strokelike episodes; mitochondrial encepha-
lopathy with ragged red fibers; and Kearns-
Sayre syndrome are the three clinical forms of
mitochondrial cytopathy (48-50).

Mitochondrial myopathy, encephalopathy,
lactic acidosis, and strokelike episodes make
up a distinct syndrome that commonly affects
the basal ganglia. This syndrome is character-
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18a. 18b.

Figures 16—18. (16) Leigh disease. Axial T2-weighted MR image of a 7-year-old child with a long history of
seizure, developmental delay, lactic acidosis, and dystonia reveals abnormal hyperintense signal intensity in
the basal ganglia, thalami, and subcortical white matter. (17) Lactic acidemia. T2-weighted MR image of a
7-month-old infant with developmental delay reveals a diffusely abnormal pattern of myelination and mildly
high-signal-intensity lesions of the globi pallidi (arrow). (18) Mitochondrial myopathy, encephalopathy, lac-
tic acidosis, and strokelike episodes. Unenhanced axial CT scans of a 6-year-old girl with a long history of
mental retardation, lactic acidosis, ataxia, and recurrent strokelike episodes reveal calcified basal ganglia in-
farcts (a) and extensive cerebral atrophy secondary to previous infarctions of the parietal, occipital, and fron-
tal lobes (b).

ized by normal early development, short stat- ture of the syndrome. Cortical infarction pre-
ure, lactic acidosis, seizures, and stroke. In- dominantly occurs in the parietal and occipi-

farction of the basal ganglia and cortical tal regions and results in blindness. The basal
regions (Fig 18) is a hallmark radiologic fea- ganglia infarctions commonly calcify (47-50).
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Figures 19, 20. (19) Glutaric acidemia type II.
Axial T2-weighted MR images of a 2-year-old child
with developmental delay, acidosis, and a sweaty
feet odor show subtle bilateral globi pallidi hyperin-
tensity (a, arrow) and more apparent abnormal hy-
perintense white matter (b). (20) Methylmalonic
acidemia. Axial T2-weighted MR image of a 16-year-
old boy with a broad-based gait and a history of sei-
zure activity since birth shows symmetric high-sig-
nal-intensity lesions of the globi pallidi. During the
1st week of life, he presented with lethargy, poor
feeding, and seizures. Biochemical analysis was used
to make the diagnosis.

Pyruvate is not the only energy substrate
used by the mitochondria for ATP production.
Amino acids and fatty acids are also funneled
into the citric acid cycle after enzymatic degra-
dation. A host of other metabolic conditions
(glutaric acidemia type II, methylmalonic aci-
demia, propionic acidemia, and maple syrup
urine disease) may alter the catabolism of
fatty acids or amino acids (Fig 3). Disruption
of these alternate routes for energy substrate
may also result in basal ganglia injury.

Glutaric acidemia type Il (multiple acyl co-
enzyme A [CoA] dehydrogenase deficiency) is
an autosomal recessive disorder that typically
manifests during childhood with a glutaric
acidemia. These patients have an abnormality

19b.

in flavoprotein, which is necessary for oxidative
phosphorylation and for fatty acid catabolism.
Pathologically, this disorder is characterized
by fatty degeneration of the liver, cardiomyop-
athy, and renal dysplasia. Clinically, patients
are hypotonic and have a characteristic ‘‘sweaty
feet’’ odor. Lesions of the globus pallidus and
the white matter may be seen (Fig 19) (11).
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Propionyl CoA and methylmalonyl CoA are
important intermediaries in the catabolism of
several essential amino (isoleucine, valine,
methionine, threonine, thymine) and fatty
acids. Deficiencies in propionyl-CoA carboxyl-
ase or methylmalonyl-CoA mutase result in
propionic and methylmalonic acidemia, re-
spectively. Patients present with ketoacidosis,
hypotonia, developmental delay, dehydration,
seizure, and lethargy. Basal ganglia injury,
although more commonly seen in methylma-
lonic acidemia (Fig 20), may occur with either
disease (11,15,47).

Maple syrup urine disease results from sev-
eral inherited defects in branched-chain a-
keto acid dehydrogenase. Patients are unable
to catabolize branched-chain amino acids
(leucine, isoleucine, and valine), which there-
fore are increased in their blood and urine.
The urine has a characteristic smell for which
the disorder was named. The primary therapy
is a protein-restricted diet. The main radio-
logic feature is diffuse edema (Fig 21), espe-
cially of the cerebellar white matter, dorsal
brain stem, cerebral peduncles, and dorsal

- b.

Figure 21. Maple syrup urine disease. (a) Unenhanced axial CT scan of a child with recurrent episodes of
metabolic acidosis and lethargy since the 8th day of life reveals low attenuation within the globi pallidi (ar-
row) and possibly the thalami, with small ventricles suggesting generalized edema. The scan was obtained
when the child was 5 months old and was experiencing an acute episode. (b) Axial T2-weighted MR image of
the same child, obtained at age 17 months, reveals moderate hyperintensity of the globi pallidi.

limb of the internal capsule. Basal ganglia and
thalamic involvement may also be seen (11,
47,51).

As mentioned earlier, the basal ganglia have
high trace metal concentrations that may be
toxic if excessive. Wilson disease is an autoso-
mal recessive disorder of copper metabolism
characterized by the increased deposition of
copper in the brain and liver. The toxic accu-
mulation of copper leads to cell damage in
both the liver and lentiform nuclei (the lentic-
ular nucleus comprises the putamen and glo-
bus pallidus, which are apposed in a ““lens”
configuration), giving it the pathologic name
of “‘hepatolenticular degeneration.” Labora-
tory tests reveal decreased levels of total se-
rum copper and ceruloplasmin and increased
urinary copper excretion. Symptoms referable
to liver failure usually predate neurologic
symptoms. Liver biopsy will help confirm the
diagnosis. Treatment consists primarily of
copper chelation with penicillamine. Lesions
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a. b.

Figure 22. Wilson disease. Axial T2-weighted MR images of a 14-year-old adolescent with slowly progress-
ing dysphagia, dysphonia, dysarthria, and tremor reveal bilateral symmetric lesions of the caudate nuclei and
putamina (a) and the periaqueductal region (b, arrow) in association with mild cerebral atrophy. Findings
from a liver biopsy that was performed when the child was 7 years old were used for diagnosis.

Figure 23. Juvenile Huntington disease. Unen-
hanced axial CT scan of a 7-year-old boy with rigidity,
mental retardation, dyslalia, seizures, and choreiform
movements that have been progressive over the past 3
years reveals marked atrophy of the basal ganglia,
most dramatically in the caudate nuclei.

of the basal ganglia, thalami, and occasionally
the periaqueductal gray matter (Fig 22) are
seen. The distribution of Wilson disease may
mimic that of Leigh disease (compare Fig 15
with Fig 22) (52-54).
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Table 2
Conditions Associated with Basal Ganglia
Calcification

Endocrine
Hypoparathyroidism
Pseudohypoparathyroidism
Pseudopseudohypoparathyroidism
Hyperparathyroidism
Hypothyroidism
Metabolic
Leigh disease
Mitochondrial cytopathy
Fahr disease (familial cerebrovascular ferro-
calcinosis)
Congenital or developmental
Familial idiopathic symmetric basal ganglia
calcification
Hastings-James syndrome
Cockayne syndrome
Lipoid proteinosis (hyalinosis cutis)
Neurofibromatosis
Tuberous sclerosis
Oculocraniosomatic disease
Methemoglobinopathy
Down syndrome
Inflammatory
Toxoplasmosis
Congenital rubella
Cytomegalovirus
Measles
Chicken pox
Pertussis
Coxsackie B virus
Cysticercosis
Systemic lupus erythematosus
Acquired immunodeficiency syndrome
Toxic
Hypoxia
Cardiovascular event
Carbon monoxide intoxication
Lead intoxication
Radiation therapy
Methotrexate therapy
Nephrotic syndrome

Degenerative Diseases.—Huntington dis-
ease is the classic degenerative disease of the
basal ganglia. Recent studies, however, have
linked Huntington disease to abnormalities in
oxidative phosphorylation and glutamate reg-
ulation, suggesting that it represents an in-
born error of metabolism (55-57). In any
case, Huntington disease is an autosomal
dominant disorder; it may manifest during
childhood or adolescence. The patients typi-
cally present with rigidity, dyslalia, seizures,
and mental deterioration. Chorea is usually
present but is more commonly a late feature.
Pathologically, there is diffuse cerebral atro-
phy, particularly of the caudate and putamen
(Fig 23) (11,15,58,59).

Acute insults to the basal ganglia may be
sufficiently extensive to cause irreversible
damage that can be detected radiologically.
Although cystic encephalomalacia may be
seen (see Figs 5b, 6b, 11b), more commonly
dystrophic calcification is present. Calcifica-
tion is probably the most common abnormal-
ity of the basal ganglia seen in children, with a
reported prevalence of 1.1%—1.6% (60,61).
Although basal ganglia calcification may be
“normal” and inconsequential in adults, this
finding in a child is important and serves as a
marker of more extensive brain damage (60).
Unfortunately, basal ganglia calcifications are
not specific for any given disease and can
be associated with a number of conditions
(Table 2) (60-63).

March 1993

Hoetal M RadioGraphics B 285




26. 27.

Figures 24—27. Basal ganglia calcification. Unenhanced axial CT scans reveal calcifications in a case of con-
genital cytomegalovirus in a 7-month-old infant (24), congenital acquired immunodeficiency syndrome in a
13-month-old child (25), systemic lupus erythematosus in a 15-year-old adolescent (26), and congenital ne-
phrotic syndrome in a 2-month-old infant (27).

Basal ganglia calcification, although best tense on T1-weighted MR images and hypoin-
evaluated with CT (Figs 24—28), may be seen tense on T2-weighted images (Fig 28). The T1
with MR imaging. The MR imaging appear- shortening in these cases is believed to be
ance of basal ganglia calcification consists related to a variation in the crystalline struc-
most commonly of hypointensities on T1- and ture of the calcifications (64).

T2-weighted images. Calcium has nonmobile

protons that result in signal void that is more Dysmyelinating Diseases.—Although gen-
apparent on T2-weighted MR images. Occa- erally considered gray matter nuclei, the basal
sionally, calcifications may appear hyperin- ganglia are a mixture of gray and white matter
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Figure 28. Basal ganglia calcification. (a) Unenhanced axial CT scan of a patient who developed mineraliz-
ing microangiopathy after radiation therapy and intrathecal chemotherapy for a medulloblastoma shows cal-
cification. Axial T1-weighted (b) and T2-weighted (c) MR images show the calcification as hyperintense and

hypointense, respectively.

elements that collectively contribute to the
MR signal intensity of the basal ganglia. Ab-
normalities of white matter elements may also
result in abnormal MR imaging signal intensity
in the basal ganglia. It is important to note
that basal ganglia lesions may result from dis-
eases unrelated to oxidative phosphorylation.

Under normal circumstances, the signal
intensity contributions of the myelin are
dwarfed by those of the neuronal elements, as
the MR imaging appearance of the basal gan-
glia parrots that of the peripheral gray matter
(see Figs 1, 2). Under pathologic conditions,
however, the abnormal myelin may alter the
MR imaging signal intensity characteristics of
the basal ganglia. Osmotic myelinolysis (Fig
12) is an example of such an acute condition.
Chronic diseases of myelination (Canavan dis-
ease, metachromatic leukodystrophy) may
also affect the appearance of basal ganglia.
These abnormalities of myelin are best appre-
ciated as regions of abnormal hyperintensity
on T2-weighted images. Although the white
matter changes are the dominant radiologic
feature of these disorders, the involvement of
the myelin elements of the basal ganglia is
important to recognize and not to be miscon-
strued as a second process.

Canavan disease (spongiform leukodystro-
phy) is an autosomal recessive disorder of
infancy with higher frequency in Ashkenazi
Jews. Patients usually present during the 1st
year of life with megalencephaly, hypotonia,
and failure to thrive. Seizures, spasticity, and

blindness may follow, with death occurring
usually by the age of 5 years. The disease dif-
fusely involves the white matter but may also
affect the basal ganglia (Fig 29) (15,65,606).

Metachromatic leukodystrophy is an auto-
somal recessive dysmyelinating disorder that
can manifest in infancy or adulthood. It is
characterized by gait disorder, tremor, and
strabismus early, with progressive intellectual
decline. The disease results from a deficiency
in arylsulfatase A, an enzyme that is crucial to
normal myelination. MR imaging reveals ab-
normally lengthened T2 signal intensity in the
white matter tracts and occasionally in the
basal ganglia (Fig 30) (15,66).

Other Diseases.—*‘Unidentified bright
objects’” may occur in the basal ganglia of pa-
tients with neurofibromatosis type 1, an auto-
somal dominant disorder with a high rate of
spontaneous mutation and a reported preva-
lence of one in 2,000—4,000 births. Recently,
it has been genetically linked to the long arm
of chromosome 17. Clinical hallmarks of neu-
rofibromatosis type 1 include multiple neuro-
fibromas, café-au-lait spots, Lisch nodules
(pigmented iris hamartomas), axillary freck-
les, macrocephaly, and learning disorders.
However, most of these clinical features are
absent during early childhood (67-72).
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Figures 29, 30. (29) Canavan disease. (a) Unen-
hanced axial CT scan of a 3-month-old infant sug-
gests low-attenuation lesions of the globi pallidi (ar-
row). (b) T2-weighted MR image of the same child,
obtained at age 2!; years, shows diffuse, abnormal
high signal intensity of the white matter and of the
globi pallidi. A fibroblastic culture was used for diag-
nosis in this child, who has had decreased vision,
developmental delay, and seizures since age 6
months. (30) Metachromatic leukodystrophy. Axial
T2-weighted MR image of a 3-year-old child with de-
velopmental delay, microcephaly, spastic diplegia,
and hypotonia, who was found to have deficient ar-
ylsulfatase A activity, reveals diffuse white matter
hyperintensity and abnormal high signal intensity in
the globi pallidi (arrow).

Because of the lack of apparent pathologic
abnormality in the unidentified bright objects,
these lesions have been called hamartomas.
However, they have also been reported to
resolve (70,71). We suggest calling them dys-
myelinating lesions, as true hamartomas
should remain unchanged. T2-weighted MR
imaging of up to 70%—80% of asymptomatic
children with neurofibromatosis type 1 re-
veals these hyperintense central nervous sys-
tem lesions (personal observations, 1992) in
the basal ganglia, most commonly in the glo-
bus pallidus (Fig 31), brain stem (Fig 32),
thalamus, and cerebellar white matter. It is

29b.

interesting that these lesions may also appear
hyperintense on T1-weighted MR imaging (Fig
31) (72). Contrast material-enhancement of
these lesions should raise suspicion for malig-
nancy, specifically for astrocytoma, which is
associated with neurofibromatosis type 1. Al-
though less helpful, CT scans may occasion-
ally depict these dysmyelinating lesions (Fig
33).
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m SUMMARY

Findings of bilateral basal ganglia lesions in a
child are always significant. Acute processes
that affect the basal ganglia can have similar
distributions (Table 3). Usually, only after tak-
ing a thorough history can one identify the
insulting agent or cause. The radiologic ap-

31b.

Figures 31, 32. Neurofibromatosis type 1 dysmy-
elinating lesions. (31) Axial T1-weighted (a) and
T2-weighted (b) MR images of an 8-year-old girl
show hyperintense basal ganglia abnormalities. Clin-
ically, the findings from neurologic examination
were normal. (32) Axial T2-weighted MR image of a
5-year-old boy with normal findings from neurologic
examination shows hyperintense lesions in the brain
stem. He had similar lesions in the basal ganglia.

pearance may be supportive of the diagnosis,
however. Carbon monoxide, for example, has
the propensity to affect the globus pallidus.
Osmotic myelinolysis, although it may occur
in purely extrapontine locations, commonly
has an associated central pontine lesion.

If acute causes are eliminated, chronic
processes must be considered. With these
entities, the prognosis is poor, as they are in-
variably progressive and the damage is irre-
versible. The identification of the specific dis-
ease has important counseling implications,
since hereditary factors are involved with
most of these disorders. The general distribu-
tions are summarized in Table 3.

In Leigh disease, the lesions occur predom-
inantly in the putamen but may also affect the
caudate, globus pallidus, thalamus, brain
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Figure 33. Neurofibromatosis type 1 dysmyelin-
ating lesions. Unenhanced axial CT scan of a 6-
year-old girl shows low-attenuation lesions in the
globi pallidi.

stem, and white matter. Wilson disease may
mimic Leigh disease radiologically. The clini-
cal differentiation of Wilson disease from
Leigh disease, however, should be apparent.
Wilson disease usually has associated hepatic
dysfunction; Leigh disease does not. The re-
mainder of the inborn errors of metabolism
primarily affect the globus pallidus, and their
differentiation is based on biochemical testing.

Huntington disease is an uncommon child-
hood disorder that is usually only considered
when a family history of the disorder is elic-
ited. Patients with juvenile Huntington dis-
ease present more commonly with rigidity,
dyslalia, mental deterioration, and seizure,
but eventually most develop the more typical
choreoathetoid movement disorder.

It is also important to recognize the pres-
ence of white matter elements in the basal
ganglia. Both acute and chronic white matter
disorders may result in basal ganglia abnor-
malities. Neurofibromatosis type 1 is possibly
one such entity.
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Table 3
Anatomic Distribution of Acute and Chronic Basal Ganglia Diseases
Globus White
Diagnosis Pallidus Caudate Putamen Matter
Acute
Hypoxia + + + +
Hypoglycemia + + + +
Carbon monoxide intoxication ++ + + +
Hemolytic-uremic syndrome + + + +
Osmotic myelinolysis + + + ++pons
Encephalitis + + + +
Chronic
Leigh disease + + ++ +
Wilson disease ++ + ++ +
Lactic acidemia + +
Glutaric acidemia type Il + +
Methylmalonic acidemia + +
Maple syrup urine disease + +
Huntington disease + ++ ++ +
Note.—Regions more commonly involved are indicated by ++.
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