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Abstract: Leukodystrophies comprise a broad group of progressive, inherited disorders
affecting mainly myelin. They often present after a variable period of normalcy
with a variety of neurologic problems. Though the ultimate diagnosis is not found
in many patients with leukodystrophies, distinctive features unique to them aid in
diagnosis, treatment and prognostication. The clinical characteristics, etiologies,
diagnostic testing and treatment options are reviewed in detail for some of the major
leukodystrophies: X-linked adrenoleukodystrophy, Krabbe disease, metachromatic
leukodystrophy, Pelizaeus-Merzbacher disease, Alexander disease, Canavan disease,
megalencephalic leukoencephalopathy with subcortical cysts and vanishing white
matter disease.

INTRODUCTION

Leukodystrophies are inherited disorders primarily affecting brain myelin development
and maintenance. Although myelin is most prominently found in the white matter, many
leukodystrophies also affect nonwhite matter regions of the nervous system. They have
also been shown to be associated with axonal injury.! They must be distinguished from
other causes of acquired myelin disorders that are often considered as part of a differential
diagnosis: inflammatory conditions such as multiple sclerosis, infections such as progressive
multifocal leukoencephalopathy (PML), toxin-mediated disorders and chromosomal
disorders. An alternate term that has been suggested is leukoencephalopathy, though this
is often used as a broader term to also include these other conditions. There are a large
number of different leukodystrophies with different characteristics and etiologies, ages
of onset, clinical courses and prognoses.’
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Leukodystrophies typically present after an initial period of normal development,
though the age of clinical onset varies depending upon the specific disorder and normal
development may notbe seen in cases of infantile leukodystrophies. Behavioral changes and
cognitive deterioration may be the initial presenting symptoms, progressing to regression
of motor development and a variable array of findings including: spasticity (though
hypotonia may also be seen), weakness, ataxia, nystagmus, swallowing dysfunction,
enunciation difficulties, movement disorders, optic atrophy, neuropathy (if peripheral
myelin is affected) and epilepsy.>* Up to half of patients with leukoencephalopathies
are never given a specific diagnosis.*® Many leukodystrophies are well-defined and may
be differentiated by distinctive characteristics in their clinical presentations and their
associated biochemical, imaging and pathologic findings. While it is beyond the scope
of this chapter to describe all leukodystrophies, we will highlight several of the most
important and common types.

DEMYELINATING AND DYSMYELINATING DISORDERS
X-Linked Adrenoleukodystrophy
Clinical Characteristics

X-linked adrenoleukodystrophy (X-ALD) is one of the most common
leukodystrophies, withaminimum incidence of 1 in 21,000 males.” The rapidly progressive
childhood cerebral form is the most common type of X-ALD. These children typically
present around 3-10 years of age with behavioral and cognitive deterioration, then follow
a progressive course to profound neurodevelopmental disability within a few years. The
other most common form of X-ALD presents in male adults as an adrenomyeloneuropathy
(AMN), following a more slowly progressive course involving spastic paraparesis,
sphincter dysfunction and sensory changes. All phenotypes of X-ALD will often involve
a variable degree and timing of adrenocortical dysfunction. Some patients may present
with an Addison-only form, whereas a small percentage of males—typically diagnosed
after X-ALD is found in a family member—may be asymptomatic and show biochemical
evidence but no clinical signs of disease.? Finally, a significant number of heterozygous
female carriers will develop an AMN-like syndrome in adulthood, though cerebral and
adrenocortical involvement in these patients is rare.®!°

Etiology and Pathophysiology

X-ALD is an X-linked recessive disease caused by mutations in the ABCDI gene.
There is no clear correlation between genotype and phenotype, with a single kindred often
displaying multiple manifestations of the disease.!" The gene encodes the peroxisomal
ATP-binding cassette trans-membrane transporter ALDP. The detectable biochemical
abnormality is the accumulation in serum and all tissues of very long chain fatty acids
(VLCFA) due to impaired peroxisomal degradation, though the primary effects are on
the nervous system and adrenal cortex. Oxidative stress, inflammatory and autoimmune
processes may all play a role in the various phenotypes of the disease.®
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Diagnosis, Pathology and Imaging

The biochemical defect of elevated plasma VLCFA levels can be reliably found in
untreated affected males, including during the neonatal period, and only 15% ofheterozygote
females may have a normal result.'> Mutation analysis of ABCDI may therefore also be
necessary in such patients or their family members. Neuroimaging often provides the
primary information ultimately leading to diagnosis of X-ALD. The classic pattern of the
cerebral form involves initial involvement of white matter spreading from the splenium
of the corpus callosum to the parietooccipital lobes (Fig. 1); other described patterns
(the differentiation of which can aid in prognostication) include primary involvement
of the frontal lobes or genu of the corpus callosum, the corticospinal tracts (primarily in
adults), cerebellar white matter and combined involvement of the parieto-occipital and
frontal white matter.!*-'* U-fibers and cortex are typically spared. Proton MR spectroscopy
demonstrates an abnormally reduced ratio of N-acetylaspartate (NAA) to choline that is
apparent before the development of visible signal abnormalities on conventional MRI.!¢-17
The pathologic findings in X-ALD comprise cytoplasmic inclusions of cholesterol esterified
with VLCFA, with cerebral disease demonstrating perivascular inflammatory infiltrates
behind an edge of confluent demyelination, while peripheral disease demonstrates a distal
axonopathy with distal degeneration of myelin."

Figure 1. A 9 year-old boy with XALD. In this FLAIR sequence from a brain MRI there are marked T2/
FLAIR hyperintense lesions in the white matter surrounding the occipital horns of the lateral ventricles.
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Treatment

Patients with X-ALD must be carefully assessed for adrenocortical dysfunction
and, if found, given hormone replacement therapy with glucocorticoids and sometimes
mineralocorticoids. Treatment of patients with X-ALD with Lorenzo’s oil, a 4:1 mixture
of glyceryl trioleate and glyceryl trierucate and a reduced fat diet can normalize plasma
levels of VLCFA. Although this does notaffect endocrine function and has not been shown
to alter neurologic disease progression in symptomatic boys, it may exert a preventive
effect in asymptomatic boys with normal MRI findings.*'® Allogeneic hematopoietic
stem cell transplant (HSCT), if performed at an early stage of disease when patients
are free of neurologic and significant neuropsychological involvement and have only
limited abnormalities on brain MRI, can arrest the cerebral inflammatory demyelination
of X-ALD.!3 Autologous stem cell gene therapy techniques and valproic acid have also
recently been investigated with initially promising results.?!

Krabbe Disease
Clinical Characteristics

Krabbe disease, also known as globoid cell leukodystrophy is a progressive white
matter disorder with three subtypes that have been delineated: infantile, juvenile and
adolescent-adult forms. The infantile form is most frequent with an incidence of 1 in
70,000 to 100,000. The infantile can be separated into early and late forms based on
the onset of the disease. In early infantile form, the clinical symptoms occur between 1
and 6 months of age and include hyperirritability, an exaggerated startle and dysphagia.
These are followed by progressive spasticity, stagnation and regression of development,
seizures, blindness, deafness, rapid motor and mental deterioration and death. Life
expectancy varies between 5 months and 3 years of age. The late-onset infantile form
usually presents before 18 months of age. The clinical symptoms of other late onset
forms are heterogeneous, ranging from insidious isolated visual impairment to cognitive
deterioration, gait abnormality, ataxia, hemiparesis and spasticity. The age of death of
late onset forms varies from 18 months to more than 14 years.!?22313

Etiology and Pathophysiology

Krabbe disease has autosomal recessive inheritance and is caused by a deficiency
of galactocerebroside § galactosidase (GALC) activity. GALC is a lysosomal enzyme
involved inthe metabolism of important galactolipids found in myelin.*** The accumulation
of cerebrosides and psychosine results in the apoptotic death of oligodendrocytes and
associated demyelination. Various mutations in the GALC gene, located on chromosome
14931, have been identified.?

Pathology and Imaging Findings

Microscopic pathology reveals diffuse demyelination with loss of oligodendrocytes
throughout the brain, but preservation of U fibers. Extensive fibrillary astrocytic gliosis
replaces the lost oligodendrocytes and myelin. Infiltration of numerous macrophages,
often multinucleated (“globoid cells™), is the unique feature of Krabbe disease. In areas
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Figure 2. A 10 month old girl with infantile Krabbe disease. In this FLAIR sequence from a brain
MRI there are T2/FLAIR hyperintense lesions in the predominantly parietooccipital periventricular
and cerebellar white matter, the corticospinal tracts and the posterior corpus callosum. Grey matter
structures in the basal ganglia are also involved. Courtesy of Jayne Ness, MD, PhD, The University
of Alabama at Birmingham.

of demyelination, axonal degeneration typically is observed. Peripheral nerves also are
involvedin the disease process, with pathology demonstrating segmental demyelination.?’
MRI of infantile Krabbe disease (Fig. 2) typically shows T2/FLAIR hyperintense
lesions of periventricular and cerebellar white matter and the pyramidal tracts. Posterior
corpus callosum and parietooccipital white matter abnormalities are also seen and grey
matter structures are commonly involved.?® In the juvenile and adult forms white matter
changes are characteristically confined to periventricular parietooccipital regions in the
beginning of the disease. Proton MR spectroscopy has provided evidence of significant
neuroaxonal loss in infantile globoid cell leukodystrophy, minor neuroaxonal damage
in the juvenile form and nearly normal white matter and no evidence of neuroaxonal
loss in adult globoid cell leukodystrophy, thus suggesting that axonal loss might be the
marker of severe disease.”’

Treatment and Outcomes

Umbilical cord blood transplantation has been shown to reduce the clinical severity
if treatment is given in very young asymptomatic patients predicted to have a severe
phenotype. However, children who underwent transplantation after the onset of symptoms
had minimal neurologic improvement.*

Metachromatic Leukodystrophy
Clinical Characteristics

Metachromatic leukodystrophy (MLD) is an autosomal recessive lysosomal storage
disease with an estimated incidence of 1 in 40,000 births.? It is divided into three subtypes
based on age of onset after a period of initially normal development: late infantile, juvenile
and adult. The late infantile form is the most severe phenotype and may present between
6 months and 2 years of age with motor developmental delay, weakness, hypotonia and
ataxia. As the disorder progresses peripheral neuropathy occurs and worsens, speech and
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cognition deteriorate, seizures may occur, hypotonia eventually transitions into a spastic
quadriplegia, vision and hearing decline and the child eventually is left in a decerebrate
state.’'3? The juvenile form may have onset as either an early (4 to 8 years old) or late (6 to
16 years old) subgroup with the early subgroup resembling the late infantile form with
predominantly motor involvement initially, whereas the late juvenile subgroup typically
presents with behavioral and cognitive problems. The adult form may present anytime
after 16 years of age and, like the late juvenile form, typically begins with emotional and
intellectual dysfunction and may appear psychiatric in nature. As it progresses motor
function is affected and peripheral neuropathy, to a varying degree, may be seen.**** All
forms ofthe disease follow a relentlessly progressive course that culminates in a profoundly
debilitated state, with the pace of deterioration and progression to death increasing with
later onset from within a few years to several decades after initial symptoms.

Etiology and Pathophysiology

MLD is caused by mutations in the ARSA gene causing deficiency in the lysosomal
enzyme arylsulfatase A, which leads to accumulation of sulfatide.? Rarely, the disorder may
be caused by mutations in the PSAP (prosaposin) gene, leading to deficient sphingolipid
activator protein SAP-B (saposin B) that has a role in stimulating the action of ARSA.%
This accumulation leads to demyelination from oligodendroglial and Schwann cell injury
and death, although the mechanism by which this occurs is not completely understood.
Greater than 150 distinct mutations in ARSA have been described. Those causing no
enzyme activity are termed I-type alleles and those causing pathologically reduced
enzyme activity are termed A-type alleles; there has been described some degree of
genotype-phenotype correlation of allelic makeup with clinical subtype, although this
is not universal and greatly varying ages of onset have been seen among siblings with
identical mutations.**%

Diagnosis, Pathology and Imaging

Although measurement of ARSA activity in leukocytes or cultured skin fibroblasts
may demonstrate disease-causing reduction (typically from zero to 10% activity in MLD),
itcannot differentiate between pathologic deficiency and ARS A pseudodeficiency that can
occur in healthy individuals.*” Measurement of urine sulfatide, molecular genetic testing
of ARSA (or, if urine sulfatide is elevated but enzyme activity is normal, of PSAP), or
biopsy of nerve or brain are therefore often undertaken as confirmatory tests. Pathologic
examination of affected tissues reveals the characteristic metachromatically staining
sulfatide deposited throughout the white matter and in Schwann cells and macrophages
of peripheral nerve, while MRI demonstrates confluent, symmetric and non-enhancing
white matter hypodensity that initially spares U-fibers and may start with occipital or
frontal predominance (Fig. 3).2

Treatment

At present, HSCT is the only therapy available that has been clearly shown to alter
the course of MLD involving the central nervous system, with greatest efficacy seen
in patients with juvenile or adult forms still early in the course of the disease.*' Other
therapies currently under investigation include gene therapy techniques, warfarin (which
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Figure 3. A 2-year, 10-month-old boy with the late-infantile form of metachromatic leukodystrophy.
In this axial T2-weighted noncontrast MRI there are symmetric, confluent white matter abnormalities
in all lobes that exhibit relative sparing of the subcortical U-fibers.

may affect the role vitamin K plays in sulfatide synthesis) and recombinant human ARSA
(though this is not believed to cross the blood-brain barrier).?4243

HYPOMYELINATING DISORDERS
Pelizaeus-Merzbacher Disease
Clinical Characteristics

Pelizacus-Merzbacher disease (PMD) is a rare disorder with an X-linked recessive
mode of inheritance. Three forms have been delineated based on age and severity of
presentation: classical, connatal and transitional. Children with the classical type (the
most common form of the disease) present within the first year of life with irregular
nystagmoid eye movements, hypotonia, severe developmental delay, microcephaly, growth
retardation, ataxia and seizures. Spasticity, cerebellar signs and movement abnormalities
including dystonia, choreoathetosis and hyperkinesis become more prominent with age.
Very slow neurological deterioration occurs, usually noted after 10-12 years of age and
they may survive until the 6th decade of life. Connatal PMD is the most severe form.
Severe hypotonia, stridor, feeding impairment and nystagmus are noted during the neonatal
period. Few, ifany, developmental milestones are reached. The affected children undergo
rapid progression and typically die during the first decade. Patients with the transitional
form have overlapping features between the connatal and classic forms, with notable
slower and later onset than the connatal form.>* X-linked spastic paraplegia Type 2
(SPG2) is an allelic condition of PMD. The pure form of SPG2 may present with only a
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spastic gait and ambulation problems, though there also exists a complicated form with
additional nystagmus, ataxia and intention tremor.*

Etiology and Pathophysiology

PMD and SPG2 are caused by mutation in the PLP gene coding for proteolipid
protein located on the long arm of the X chromosome (Xq21.33-Xq22).%*¢ The PLP
gene encodes two proteolipid proteins in oligodendrocytes, PLP and DM20. While PLP
is the prominent protein in CNS myelin, DM20 may be involved in oligodendrocyte
differentiation and survival.*~*! Many different mutations have been identified in PLP,
with gene duplications being the most common cause of PMD. Clinical severity is
correlated with the specific mutation. Mutations that affect only PLP, but not DM20,
cause a milder clinical syndrome.>? The most severe presentations of PMD are usually
caused by missense mutations, although a broad range of clinical phenotypes may
still be seen.* A benign form of PMD is seen in deletions or null mutations of the
PLP gene.>>*

Pathology and Imaging Findings

In PMD central white matter is reduced in volume with signs of deficient
myelination (Fig. 4). In the connatal form, central myelin is completely absent with
reduced number of oligodendrocytes. In the classical form, the central white matter
shows a patchy distribution of dysmyelination with preserved myelin islands, giving
a “tigroid” appearance. Axons are relatively well preserved, though some axonal loss

Figure 4. A 12-month-old boy with Pelizaeus-Merzbacher disease. T2 (left) and T1-MPR (right) axial
sequences from a brain MRI show diffuse white matter signal intensity abnormalities with no evidence
of myelination on the TI-MPR or T2 weighted images. There is bilateral, symmetric abnormal T2/
FLAIR signal hyperintensity in the internal and external capsules.
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may be seen in completely demyelinated areas. In SPG2, demyelination affects mainly
the longitudinal spinal tracts.*® The extent of axonal injury increases with age and may
account for the progression of neurological signs and symptoms in patients with PMD.>?
It may be difficult to diagnose hypomyelination during the first few months of life,
though the absence of myelin in the pons, cerebellum, posterior limb of the internal
capsule, splenium of corpus callosum and optic radiations in the first 3 months in the
right clinical setting may suggest PMD.*®* MRI patterns of PMD have been divided
into 3 subtypes; Type I, diffusely hemispheric and corticospinal; Type II, diffusely
hemispheric without brain stem lesions; and Type III, patchy in the hemispheres.’’
There is no clear relationship between MRI findings and clinical phenotype, but the
degree of hypomyelination has been correlated with the severity of clinical handicap.™®
Magnetic resonance spectroscopy (MRS) results in patients with PMD are inconsistent:
normal NAA/Cr ratio with decreased Ch/Cr ratio;*° decreased NAA/Cr ratio with
normal Cho/Cr ratio;®' and increased NAA concentration.®

Treatment

There is currently no specific treatment available for PMD.
Alexander Disease
Clinical Characteristics

Alexander disease is a rare, mostly sporadic, progressive disorder of CNS,
although familial cases have been reported. Based on the age of onset and severity of
symptoms three subtypes have been described: infantile, juvenile and adult forms. The
infantile form (birth to 2 years) is the most severe phenotype. Patients often present
with macrocephaly, seizures, spasticity, motor and bulbar dysfunction. These children
usually die within the first decade of life. Children with the juvenile form often present
between 2 to 12 years of age with bulbar symptoms and signs followed by ataxia
and spasticity. They typically survive into the 2nd to 4th decades of life. Adult-onset
Alexander disease presents with gradually or episodically progressive symptoms of
dysarthria, dysphonia, dysphagia, pyramidal signs, ataxia and palatal myoclonus or
tremor.®%* The clinical course and survival of adult-onset Alexander disease are quite
variable: the mean age of onset is in the late thirties, although an asymptomatic carrier
over age 60 has been described.®

Etiology and Pathophysiology

The genetic basis of Alexander disease was established following discovery of
mutations in different glial fibrillary acidic protein (GFAP) residues. GFAP mutations
result in an over-expression of abnormal GFAP, which causes a lethal encephalopathy.*
Another distinct pathological feature of Alexander disease is paucity of myelin, which
is most pronounced and severe in the frontal white matter. In areas of myelin paucity,
most axons are intact. In juvenile and adult forms, the pathology may be mainly limited
to the brainstem and cerebellum.’
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Figure 5. A 6 year-old girl with infantile Alexander disease. Axial TI-MPR (left) and T2 (center)
images from a brain MRI show white matter changes with increased T2 and decreased T1 signal intensity,
most prominent anteriorly and largely sparing the subcortical and periventricular white matter. There is a
periventricular rim with high signal on T1-weighted images and low signal on T2-weighted images. Sagittal
T1-MPR images (right) show corpus callosum, frontal and parietal cortical, cerebellar and pontine atrophy.
Also noted is thickening of the inferior aspect of the tectum that may represent an incidental glioma.

Pathology and Imaging Findings

The most distinctive pathologic feature of Alexander disease is the presence and
widespread deposition of cytoplasmic inclusions localized in astrocyte cytoplasm, termed
Rosenthal fibers. They are mainly found in perivascular, perivenular and subpial spaces
of cerebral hemispheres (mainly frontal), cerebellum and brainstem.®® These Rosenthal
fibers contain GFAP, which is now believed to modulate astrocyte motility and shape.
GFAP also may be involved in glial cell adhesion, myelination and cell signaling.®’
Van der Knaap et al defined MR imaging criteria to diagnose Alexander disease (4 of
5 required): (1) extensive cerebral white matter changes with frontal predominance,
(2) a periventricular rim with high signal on T1-weighted images and low signal on
T2-weighted images, (3) abnormalities of basal ganglia and thalami, (4) brain stem
abnormalities and (5) abnormal contrast enhancement. Although MRI (Fig. 5) is useful
for diagnostic purposes and can document the extent of white matter disease, it does not
always predict the severity and course of the disease.* The discrepancy between severe
white matter changes on MRI and mild clinical features in some patients with Alexander
disease may be explained by axonal preservation.”” Decreasing NAA concentration
over the time on proton MR spectroscopy may predict ongoing subclinical neuronal
degeneration in these patients. This possibility is supported by research showing absent
or severely reduced NAA in the oldest patients with the most severe clinical course.™
These findings suggest that the degree and timing of the axonal degeneration may
determine the phenotypic severity, rate of neurological decline and age of symptom
onset in Alexander disease.

Treatment and Outcomes

There is no cure for Alexander Disease. The treatment for Alexander disease is
symptomatic and supportive.
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SPONGIFORM DISORDERS

Canavan Disease

Clinical Characteristics

Canavan disease is arare autosomal recessive spongiform leukodystrophy most often
seen in children of Ashkenazi Jewish descent.” It most commonly presents in infancy,
with symptom onset between 3 and 6 months of age, although a congenital form may
occur rarely and juvenile- and adult-onset forms, though controversial, may exist.”>”
Initial symptoms include lethargy or irritability, a weak cry and suck, poor head control,
hypotonia, decreased movement of the extremities and decreased visual responsiveness.
Head growth is accelerated and macrocephaly develops and, as the condition progresses,
spasticity and hyperreflexia develop, tonic extensor spasms occur, development arrests
and regresses, blindness and optic atrophy are seen and about half of affected children
develop seizures as they progress to a decerebrate state, with death typically occurring
in childhood or the teenage years.”

Etiology and Pathophysiology

Canavan disease is caused by mutations in the 4SPA4 gene leading to deficiency
in aspartoacylase, the enzyme located in oligodendroglia that hydrolyzes NAA into
aspartic acid and acetate.”*”” Among the Ashkenazi population nearly all disease occurs
due to only a few mutations, whereas in other patient groups different mutations of
ASPA are found.”""* NAA accumulates in the CNS, causing dysfunction and injury to
oligodendrocytes, vacuolation and spongiform changes and myelin destruction. The
mechanism by which this occurs is not known, but there is increased water content in
affected white matter and it has been suggested that, among other things, NAA may act
as an osmoregulator and molecular water pump.>”®

Diagnosis, Pathology and Imaging

Biochemical diagnosis may be made by identifying elevated NAA in urine and serum
(or amniotic fluid for prenatal testing) organic acid screening, while molecular genetic
studies may be useful as confirmatory or prenatal tests. On pathologic examination, the
brain is enlarged and extensive sponge-like vacuolation and demyelination is primarily
seen in the subcortical and cerebellar white matter, although brainstem, globus pallidus,
hypothalamus and thalamus are also affected.> MRI demonstrates symmetric, diffuse
white matter involvement with T1 hypo- and T2 hyperintensity along with evidence
of restricted diffusion in the deep white matter and brainstem (Fig. 6), whereas MR
spectroscopy shows markedly increased levels of NAA.7%

Treatment
No specific therapies are yet available and treatment is symptomatic and supportive.

Investigational treatments include the use of gene therapy techniques and lithium, which
may reduce the NAA content in affected white matter.®2
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Figure 6. A 7-month-old boy with Canavan disease. Brain MRI T1-MPR (upper left) and T2 sequences
(upper right) show diffuse signal abnormality throughout the bilateral cerebral white matter. Trace-diffusion
(lower left) high signal and low ADC on the ADC map (lower right) indicate diffusion restriction within
these regions. Note the preservation of myelin within the posterior limbs of the internal capsules and
the corpus callosum.

Megalencephalic Leukoencephalopathy with Subcortical Cysts
Clinical Characteristics
Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a recently

described, rare, autosomal recessive disease that occurs with greater frequency in Turkish
and Agarwal (an ethnic group in India) populations.®* It presents with macrocephaly at
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birth or within the first year of life, after which the growth rate normalizes, with initially
normal neurologic exam and development in most cases.* Severity and course vary,
but delayed and unsteady walking is seen early and is followed, over years, by the slow
development of prominent ataxia, hyperreflexia, epilepsy, dysarthria, inability to walk
and mild cognitive decline.?

Etiology and Pathophysiology

Mutations in MLC1 genes are found in the majority of patients with MLC, although a
significant percentage have typical MLC disease and no mutations.**” The gene encodes
for a transmembrane protein with unknown function.

Diagnosis, Pathology and Imaging

No measurable biochemical abnormalities have been identified and many patients
do not have MLCI mutations (though genetic testing may be used prenatally or for
confirmation in families with known mutations). Diagnosis of MLC is based on the
clinical picture and imaging findings (Fig. 7), with MRI showing diffusely abnormal
and mildly swollen cerebral white matter (with relative preservation of the corpus
callosum, internal capsule and brainstem), mildly abnormal cerebellar white matter,
increased white matter diffusivity, anterior temporal and frontoparietal cysts that may
grow in size and number and eventual cerebral atrophy.?*%3? Brain pathologic findings
were described in one patient and consisted of vacuolization and spongiform changes
in the white matter, minor myelin degradation with splitting between the outer lamellae
of the sheaths and normal cortex.”

Treatment and Outcomes

No specific treatment exists and therapy is supportive and symptomatic.

Figure 7. A 7 year-old girl with megalencephalic leukoencephalopathy with subcortical cysts. FLAIR
sequence from the brain MRI shows diffusely abnormal cerebral white matter with relative preservation of
the brainstem, mildly abnormal cerebellar white matter and primarily anterior temporal and frontoparietal
cysts along with cerebral atrophy. Courtesy of Jayne Ness, MD, PhD, The University of Alabama at
Birmingham.
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CYSTIC DISORDERS

Vanishing White Matter Disease

Clinical Characteristics

Vanishing white matter disease (VWM, childhood ataxia with central nervous system
hypomyelination, or Cree encephalopathy) is an autosomal recessive disease that is likely
among the more common leukodystrophies.”’ VWM manifests a broad range of clinical
presentations and ages of onset, from congenital forms with rapid neurological decline
and death, to adult-onset forms with slow symptom progression; the classical and most
common form presents between 2 and 5 years of age with progressive gait difficulties
and mild cognitive impairment.”? Characteristic of the disease are episodes of acute
deterioration after minor head trauma, febrile infections, prolonged sun exposure and
even fear that manifest as hypotonia, irritability, vomiting, seizures, unconsciousness
that may progress to coma or death and lack of full recovery afterwards.? Extracranial
involvement often includes ovarian dysgenesis in antenatal forms and ovarian failure in
later-onset disease (termed ovarioleukodystrophy).”

Etiology and Pathophysiology

VWM and its varying presentations are caused by mutations in any of the five genes,
elF2B1 through elF2B5, that encode subunits (alpha through epsilon) of eukaryotic
translation initiation factor 2B (eIF2B).”*% Regulation of the translation of mRNA to
polypeptides involves eukaryotic transcription factors and mutant e[F2B in VWM may
cause disease by disrupting the normal stress-clicited compensatory mechanisms that
inhibit synthesis of new proteins and that induce signals promoting both cellular survival
and apoptosis.”® While members of the same affected family and individuals with the
same mutation have been described to display significant phenotypic heterogeneity, some
genotype-phenotype correlations have been noted.”**”-1!

Diagnosis, Pathology and Imaging

No reliable routine laboratory abnormalities have been identified that aid in the
diagnosis of VWM, though decreased CSF asialotransferrin to transferrin ratio and
decreased lymphocyte e[F2B nucleotide guanine exchange (GEF) activity have both
been proposed as possible markers of disease.!>!% Molecular genetic testing of e[F2B
subunits can be performed and is essential in infants with the antenatal or early infantile
forms of VWM, but may not demonstrate a mutation in approximately 10% of patients
with VWM. %1% pathologic findings include vacuolation and “foamy” oligodendrocytes,
white matter changes ranging from cystic to cavitary, variable degrees of axon loss and
no significant inflammation.? MRI may show diffuse signal abnormalities in the cerebral
white matter that may have a signal intensity near that of CSF, diffuse disappearance
of the cerebral white matter, a fluid-filled space between the ependyma and cortex if all
cerebral white matter has vanished, relative sparing of the temporal lobes, noncystic
cerebellar white matter, no abnormal enhancement, radiating stripes within abnormal
white matter on sagittal and coronal images and involvement of the inner (but sparing
of the outer) rim of the corpus callosum.”’
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Treatment

There is no specific therapy for VWM, but avoidance and prompt treatment of
possible stressors that may precipitate an episode is essential.

CONCLUSION

Patients with leukodystrophies, though often never given an ultimate diagnosis, can
present in a wide variety of unique ways. Challenging and frustrating for both the clinician
and the patient are the typically progressive natures of these diseases. The paucity of
specific therapies available to treat them, and the often grim prognoses they carry, also
contribute to the difficulty in caring for affected patients and families. Some promising
tools for identification, evaluation and treatment of these diseases are under development,
while many more are yet to be discovered and investigated. Continued research into
genetic and pathophysiologic etiologies, distinctive biochemical and imaging features
and potential avenues of treatment are all absolute necessities to improve the clinical care
available for patients suffering from this difficult group of disorders.
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