Pediatr Radiol (1995) 25: 256-258

Pediatric
Radiology

© Springer-Verlag 1995

Adrenoleukodystrophy: CT and MRI findings
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Abstract. A case of adrenoleukodystrophy (ALD) with
CT and MRI findings is described. The CT scan showed
low densities in the white matter of the parietal and oc-
cipital lobes. No calcifications were seen. Post-contrast
CT showed an abnormal enhancement within the in-
volved white matter. MRI showed changes of demyeli-
nation around the atria of the lateral ventricles bilateral-
ly involving the posterior aspect of the cerebrum sym-
metrically. The posterior part of the posterior corpus
callosum, splenium and pyramidal tracts also showed in-
creased signal intensity. From a review of the literature,
these findings are typical of the radiological changes
seen in ALD. ALD can be diagnosed from typical his-
tory and biochemical changes as well as from CT and
MRI findings.

Adrenoleukodystrophy (ALD) is a sex-linked metabol-
ic encephalopathy of childhood in which the basic de-
fect is an impaired capacity to degrade very long chain
fatty acids, caused by a peroxisomal defect in beta-oxi-
dation. The fatty acids thus accumulate, decreasing the
stability of the myelin membrane and leading to the de-
myelination of the central nervous system. The adrenal
cortex, testes, dermal and conjunctival nerve fascicles
are also involved [1].

ALD occurs in three main forms [1, 2]. Neonatal
ALD is an autosomal recessive disorder presenting
with hypotonia, seizures and psychomotor retardation.
It is usually of poor prognosis and is the rarest form.
Childhood ALD, an X-linked recessive disorder, is the
commonest form, characterized by behavioral disor-
ders and dementia which usually precede adrenal insuf-
ficiency. The third form, adrenomyeloneuropathy
(AMN)), is a sex-linked disorder in young adults, usual-
ly presenting with paraparesis and Addison’s disease.
Those affected usually have siblings with ALD [3].
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ALD can easily be diagnosed without recourse to
brain biopsy in view of the typical clinical features gi-
ven above, including loss of hearing and visual impair-
ment, the biochemical findings of adrenal insufficiency
and the classic changes seen during brain imaging. This
report documents the findings in a case of ALD, espe-
cially those seen on CT and MRI.

Case report

A 9-year-old Syrian boy developed loss of appetite, recurrent va-
gue abdominal pains and recurrent vomiting with cutaneous pig-
mentations. His past medical history was non-contributory. His
parents were not consanguineous and none of his relations had
similar symptoms. After 1%, years, he developed deteriorating vi-
sion, headaches, unsteady gait and impaired auditory discrimina-
tion. He then started to have severe behavioral problems and stur-
red speech. He had no seizures or loss of consciousness. The fundi
were normal. Visual acuity and fields could not be successfully
measured due to loss of cooperation.

Laboratory work-up showed normal blood count and electro-
Iytes, cortisol levels: ranging from 7.0 pg/dl to 11.0 ug/dl (normal:
8-28 ug/dl) and after stimulation adrenocorticotropin (ACTH)
showed a flat response consistent with primary adrenal insufficien-
cy. His ACTH was elevated at 137 pg/l (normal: 20-80 pg/l), aldos-
terone level was low at < 4 ng/dl and plasma renin activity elevated
at 8 mg/ml per hour (normal: 0.63-1.36 mg/ml per hour). Free fatty
acids were 0.15 mmol/l (normal: 0.19-0.9 mmol/l). Addison’s dis-
ease was diagnosed from the biochemical results and cortico-
steroid treatment was started.

CT brain scans showed low densities in the white matter of the
parietal and occipital lobes. No calcifications were seen (Fig.1).
Post-contrast CTrevealed an abnormal enhancement within the in-
volved white matter (Fig.2). The ventricular system and cerebellar
hemispheres were normal.

MRI examination was performed with a high-field, 1.5-T Phi-
lips Gyroscan system. It showed demyelination around the atria
of the lateral ventricles bilaterally, involving posterior aspects of
the cerebrum symmetrically. The posterior part of the posterior
corpus callosum, including the splenium and the middle and pos-
terior parts of the pyramidal tracts, also showed increased signal in-
tensity indicating demyelination (Fig.3). There was an area of en-
hancement on the gadolinium-enhanced T2-weighted images with-
in the demyelinated white matter representing a zone of active de-
myelination (Fig.4).
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Fig.1. Unenhanced CT of the brain showing increased low at-
tenuation within the white matter of the parieto-occipital regions
extending medially into the regions around the splenium. Note
the isodense band within the low density areas (arrows)

Fig.2. Enhanced CT showing marked enhancement, the so-called
“garland appearance”, within the white matter of the parieto-occi-
pital regions, areas identical with the isodense band seen in Fig. 1.
Enhancement is also noted in the medial aspects of the white mat-
ter around the anterior aspect of the lateral ventricles

Fig.3. T2-weighted MRI image showing very intense signals with-
in the entire white matter of both parieto-occipital lobes extend-
ing into the posterior part of both internal capsules and thalamus.
A curvilinear band of relatively low signal intensity is seen within
the white matter, corresponding to the high intensity signals in
Fig.4.

Fig.4. MRI scan with T2 proton-density-weighted images showing
high intensity signals within the white matter around the ventricu-
lar atria an appearance similar to those in Fig.2. Note the intense
signal in the left cingulate gyrus

Although a brain biopsy was not performed, a diagnosis of
ALD was made on the strength of the typical history and biochem-
ical changes, as well as the CT and MRI findings which were also
typical.

Discussion

CT and MR are promising diagnostic techniques in the
appraisal of ALD, firstly, in depicting the global anato-
my of areas of involvement and secondly, in pinpoint-
ing areas of active demyelination.

In 1976, Duda and Huttenlocher first described CT
findings in ALD when bilateral hypodensities of the
white matter of the parictal and occipital lobes were
seen on CT scan [4]. A review of CT findings shows
that the typical pattern was of large symmetrical contig-
uous or confluent low-density lesions with enhancement
in the involved white matter, usually in the occipito-par-
ietal and parieto-temporal lobes with subsequent in-
volvement of or spread to the frontal lobes, the mid-
brain and the pons. The external and internal capsules
and the corpus callosum are usually involved. Involve-
ment of the geniculate bodies, visual and auditory path-
ways is also common [4-9].

Di Chiro et al. described a pattern on CT scans in
which there was no hypodensity in the posterior white

matter but marked contrast enhancement in areas such
as the internal capsule, corona radiata, and cerebral
peduncles, which they termed type II [S]. Dubois et al.
also noted the typical hypodensity of the peri-atrial
white matter with pathological enhancement of the cen-
trum ovale, corpus callosum, internal capsule, cerebral
penduncles and pons [6]. Kumar et al. noted that in the
terminal disease specific white matter tracts, global radi-
ations, basal ganglia and thalami are involved [10], while
cerebral atrophy may be the only change in older pa-
tients [11].

Other previously reported atypical findings include
unilateral involvement, white matter calcifications,
mass effects, and involvement of the frontal lobe, cere-
bellum and other areas of the CNS [5, 9, 10, 12]. It is pre-
sumed that these forms represent phenotypic variants
and/or various stages in the temporal evolution of the
disease complex with the disease starting bilaterally in
the occipital region and spreading outward and forward
as a confluent lesion whilst sparing the subcortical un-
myelinated fibers [2].

Contrast enhancement occurs within, adjacent to, or
anterior to the abnormally hypodense deep white matter
of the parieto-occipital complex [10]. It is quite often cir-
cumferential giving the so-called “garland appearance”
[7]. These areas represent zones of focal blood-brain bar-
rier, corresponding to regions of active demyelination.
Our case appears typical, with typical enhancement and
extension into the posterior aspect of the internal cap-
sule, basal ganglia, thalami and geniculate bodies.

MRI studies usually show prolongation of the T1 and
T2 images of the white matter. Inversion recovery scans
may commonly show low signal enhancement with ga-
dolinium. The areas of involvement are similar to those
seen on CT but with better detail, extent and resolution.

Enhancement areas seen on contrast-enhanced CT
images depict regions of active demyelination (Fig.2).
It is these active areas which show up as high-intensity
regions on enhanced T2-weighted MRI images (Fig.4).
Not only do non-enhanced T2-weighted images show
areas of demyelination but also the active regions with-
in these areas show relatively low intensity signals. Con-
trast enhancement is therefore essential both on MRI
and CT in mapping out areas of active demyelination
more so when one notes that the areas of active demye-
lination are seen as isodense or non-enhanced CT ima-
ges (Fig.1).
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MRI has a high sensitivity in demonstrating white
matter disease and in identifying in detail the anatomi-
cal sites of involvement. In our case the changes seen
on MRI were also typical. However, the involvement
of the corpus callosum and pyramidal tract seen by
MRI were not seen on CT [11]. MRI was the first mod-
ality to demonstrate visual and auditory structural dis-
ease in ALD [11]. Similarly, it has been used to demon-
strate cervical and thoracic cord involvement due to cor-
tico-spinal and spinocerebellar tract degeneration in the
ALD-AMIN complex [3]. However, calcifications are
poorly demonstrated on MRI, being better visualized
on CT [10]. Correlating histological data with MRI ima-
ges has shown that the gadolinium DTPA enhancing
zone in the middle of the lesions corresponds to an
area of very active inflammation. This region encircles
an inner gliotic area where the destructive process has
“burnt out” and where calcification may be seen. The
outer region corresponds to a zone of active demyelina-
tion with partial loss of myelin [2].

There are many white matter diseases to be excluded
in the differential diagnosis of ALD. However, this dis-
ease of young children, especially males, has a charac-
teristic pattern of symmetrical high signal in the white
matter posteriorly, and is usually associated with adre-
nal dysfunction. The disease is relentlessly progressive
and severe brain atrophy results.
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