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M agnetic Resonance Pattern Recognition in White Matter Disorders
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ABSTRACT

Magnetic resonance pattern recognition constitutes a ‘conceptual’ approach to radiological assessment,
in which all of theradiological and other clinical features present are considered in combination. Systematic
analysis of magnetic resonance images improves the specificity of the modality as a diagnostic tool. Computer-
aided analysis of radiological findings can be used to complement clinicians’ knowledge. In recent years, use
of magnetic resonance techniques has facilitated characterization of several new forms of white matter dis-
ordersin children. Pattern recognition software aided the identification of common features among unclassi-
fied leukoencephal opathies, resulting in 7 major categories and 2 newly described entities, megaencephalic
leukencephal opathy with cysts and vanishing white matter disease. Magnetic resonance imaging has a

central rolein diagnosis and clinical management.
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INTRODUCTION

Two methodical approaches can be identified in the
reading of radiological images. the ‘gamut’ approach
and the ‘ conceptual’ approach.

Inthe ‘gamut’ approach, especially popular in teaching
hospitals in the USA, each separate abnormal feature
leads to a differential diagnosis. For example, calcifi-
cation in the basal ganglia can be seen in amultitude of
diseases. The second step isto eliminate diseases from
that list using additional characteristics and informa-
tion from other sources.

The conceptual approach, as used by us, involves mag-
netic resonance (MR) pattern recognition.*? In this
method, each item only makes ‘sense’ when several
other items are al so present. The separate items together
forma‘Gestalt’, aconcept first suggested in psychology.
Thisisthe method favoured in most European teaching
hospitals. For example, symmetrical, homogenous, con-
fluent lesionsin the subcortical arcuate fibres, together
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with bilateral abnormalitiesin the thalamus, suggest the
diagnosis of Kearns-Sayre syndrome. This process may,
but does not necessarily, involve MR features, but may
also include clinical data such as gender, age, course of
the disease, and clinical and laboratory features. In the
diagnosis of Wilson's disease, the presence of Kaiser-
Fleischer rings (Figure 1) in the eye isimportant, as are
ectopic lenses in hyperhomocysteinaemia, and facial
dysmorphiain mucopolysaccharidosis.

In radiology, there are many Gestalts, often with
characteristic names: for example the donut sign, the
scimitar sign, the blueberry muffin sign, the big panda
sign (Figure 1), al referring to a specific syndrome or
disorder. With growing experience, the reader of radio-
logical images shifts from the ‘gamut’ approach to-
wards the Gestalt or pattern recognition approach. This
ongoing growth of the perceptual process of decision
making in the interpretation of images can be supported
by a number of tools, as described below:

(1) The basis of al interpretation remains knowledge
of normal and abnormal anatomy, the pathophysi-
ology of diseases, and the clinical-radiological
correlation, leading to separation and eventually
classification of disease categories. We proposed a
classification of white matter disorders (WMD) as
a basis for neuroradiological and neurological
diagnosis.?*
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Figure 1. An example of magnetic resonance pattern recognition. The mesencephalon in this patient with Wilson’s disease shows a
remarkable likeness to the head of a big panda: (a) The big panda sign. (b) This patient shows Kaiser-Fleischer rings of the eyes.

(2) Knowledge of the radiological tools, in particular,
MR imaging (MRI) and MR spectroscopy (MRS).
State-of -the-art MR techniques offer a variety of
ways to extract information from brain tissue. The
scale of properties of the applied morphological,
physiological, biochemical and activation tech-
niques should be fully understood by the reader of
MR data.

(3) A systematic analysis of the images with achecklist
or score list is helpful in the decision-making pro-
cess (reporting), prompting the (less-experienced)
reader to assess and record a scale value for each
abnormal feature and the combination of abnormal-
ities. A second aid is a computer program that
integrates these scale values, compares the pattern
obtained with the known pattern in the database,
and then offers adiagnosis with indication of prob-
ability and confidence intervals. This description
actually fitsthat of an expert system, which can be,
with asufficiently large and reliable database, highly
valuable with the ever increasing complexity of the
diagnostic process. It remains evident that humans
bring immense intelligence and flexibility to rec-
ognizing image abnormalities and disease patterns.
The computer-aided approach should not be re-
garded as an dternative to clinical diagnosis, but as
an aid to the experienced and alearning tool for the
inexperienced. The computer program displays the
data when requested in histogram format, reflect-
ing the percentage of cases of a specific disease
category in which anatomically-defined structures
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areinvolved. Inthisway, ‘skylines' are obtained of
the diseases or disease groups, which are diagnos-
ticin severa disease categories. A limitation of the
program isthat it recognizes only more or less typi-
cal cases, less common presentations of a disease
only can be introduced in the program when some
distinct features remain present.

STEPSIN THE DIAGNOSIS OF
WHITE MATTER DISORDERS
Systematic analysis of images will help to improve the
specificity of MR readings. The following steps may be
helpful:

(1) Globa impression: head size, nature of lesions, other
organ involvement.

(2) Grey matter involvement, white matter (WM) involve-
ment, or both.

(3) Nature of involvement of WM: symmetrical/
asymmetrical; confluent/isolated or both; swelling
or shrinking of involved WM.

(4) Distribution of lesions (Figure 2): U-fibres, lobar
WM, periventricular WM; frontal, parietal, occi-
pital, temporal, external capsule, internal capsule,
corpus callosum; basal gangliainvolvement, mesen-
cephalon, pons, medulla oblongata, cerebellar WM,
spina cord.

(5) Other characteristics: presence of calcifications,
micro- or macro-haemorrhages, pattern of enhance-
ment, pattern in time (static or progressive), etc.

Each of these steps contains clues about a definite or

probable diagnosis.
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Figure 2. A severely handicapped child with, on this T2-weighted
image, the typical pattern of perinatal acute profound ischaemia
in a term born neonate. The image shows involvement of the dor-
sal part of the putamen and the ventrolateral part of the thalamus.

Diagnostic patterns are seen in patients with metachro-
matic leukodystrophy, globoid cell leukodystrophy,
Alexander’ s disease, X-linked adrenoleukodystrophy
(Figure 3), L-20H glutaric aciduria, glutaric aciduria
type |, megalencephalic leukencephal opathy with cysts,
vanishing WM disease, congenital cytomegalovirus
infection, Canavan’ s disease, maple syrup urine disease,
Aicardi-Goutiére's syndrome, fucosidosis, etc. Other
patterns may suggest a specific disease but need
confirmation, e.g., acute disseminating encephal omyel o-
pathy, multiple sclerosis, toxic encephal opathies, and
most of the organic- and amino-acidopathies.

Additional Features

In many inherited disorders, additional features already
lead the clinician to the suspicion of a specific disease
or disease category. This may be the involvement of
other organs as in Zellweger’s disease or the Achilles
tendon in cerebrotendinous xanthomatosis, the presence
of facial dysmorphiaand skeletal abnormalitiesin muco-
polysaccharidosis, eye abnormalities such as ectopic
lenses in hyperhomocysteinaemia, cherry red spots
in fundus in Tay-Sachs disease, skin abnormalitiesin
systemic lupus erythematosus (SLE) and tuberous
sclerosis, phakomatoses and vasculitides such as
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Sneddon’ sdisease, externa ophthalmoplegiain Kearns-
Sayre disease, and the presence of a peripheral neuro-
pathy in adrenomyel oneuropathy.

Despite al the state-of-the-art methods, it is important
to note that in about 40% of children with WMD, classi-
fication of the disorder remainsimpossible. Our efforts
since 1987 have been aimed at dissecting separate and
recognizable entities from these unclassified cases.

LEUKOENCEPHALOPATHIES OF
UNKNOWN ORIGIN

L eukencephal opathies in children are rare disorders.
There are, however, so many rare disorders that the
frequency in which arare disorder presentsis as high
asthat of multiple sclerosis. Van der Knaap et a, in col-
|aboration with the Kennedy Krieger Institute (Johns
Hopkins University, Baltimore) used a pattern recogni-
tion program to identify cases with common features
among the unclassified leukoencephal opathies.® Seven
major categories could be distinguished. Statistical analy-
sisconfirmed the existence of 2 newly described entities:
megal encephalic leukencephal opathy with cysts (ML C)
and vanishing WM disease (VWMD). The genetic basis
for both of these diseases has now been elucidated. The
most important factor in these 7 categories proved to be
the distribution of the lesionsin the brain.

Figure 3. Quite a few patterns in magnetic resonance are diag-
nostic. This image with the symmetrical involvement of white
matter and involvement of the corticospinal tracts suggests the
diagnosis of childhood X-linked adrenoleukodystrophy, even in
this 32-year-old male.
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Group A. Thisis alarge group, in which the major
factor was hypomyelination; the diagnosis Pelizaeus-
Mertzbacher disease was ruled out, as were many other
disorders which can lead to hypomyelination. In this
group, there is an evident delay or absence of myelin,
without myelin breakdown products.

Group B. In this group, there is a genera involvement of
the WM. Two subtypes, B1 (MLC) and B2 (VWMD), were
identified by the pattern recognition program as separate
entities, and have been confirmed by genetic anaysis.

Group C. Thisgroup shows extensive WM abnormalities
with afronto-occipital gradient, often sparing the occipi-
tal lobes, with basal gangliaabnormalitiesand asoin many
cases abnormalitiesin the medulla oblongata and cerebel -
luminlonger existing cases of thisdisease. Cyst formation,
especidly inthe frontal and temporal lobes, was a'so seen.
These patients had Alexander’ s disease. The injection of
contrast medium proved to be very important, because the
pattern of contrast enhancement ishelpful in the diagnosis.
The diagnosis can now be confirmed genetically.

Group D. A very heterogeneous group with predomi-
nantly periventricular WM abnormalities. When the dis-
tribution of these lesionsis symmetrical and confluent,
adult-onset leukodystrophy could be a possibility. Some
images could not be distinguished from Krabbe's dis-
ease or metachromatic leukodystrophy, but these cases
did not show the biochemical abnormalities of these
diseases.

Group E. This group consisted of patients with an
isolated multifocal WM disease with a lobar location
(lobar WM lies between the periventricular WM and
the U-fibres). The pattern looks similar to multiple
sclerosis, Lyme disease, neurosarcoidosis, neuro-SLE,
etc., but all of these diseases could be ruled out in all
cases. One pattern in this group stands out, that being
congenital cytomegalovirus infection with a rather
typical pattern of WM involvement.

Group F. In these cases, there is predominant involve-
ment of the U-fibres. This pattern is seen in 2-hydroxy
glutaric aciduria, Kearns-Sayre syndrome, MLC,
congenital muscular dystrophy, and Canavan’ s disease.
All of these diseases where ruled out in our patients.

Group G. These patients showed abnormalities pre-
dominantly in the WM of the posterior fossa. This may
be the case in Refsum’s disease, cerebrotendinous
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xanthomatosis, adrenomyeloneuropathy, and some
mitochondrial disorders.

Impact of Genetic Analysis

The recognition of MLC and VWMD occurred on the
basis of the MR pattern recognition program. Cases satis-
fying strict MR criteriawere selected for genetic analysis.
Onthat basis, it became possible to identify the genesfor
these diseases. This was an important development,
because it offered the possibility of prenatal diagnosisand
genetic counselling. The next step was analyzing the ge-
netic defectsin cases that demonstrating the MR pattern.
This showed that the phenotypical variety among these
diseases, in particular VWMD, was much greater than
weinitialy expected fromthe‘pure’ MR patterns. VWMD
was proven not to be a disease of children only, but
also to occur in neonates, infants, and patients older than
50 years of age. There is also agreat variation in MR
patterns. This was a so the case in another disorder of
which the causative gene has been found, Alexander’s
disease. Thetraditional MR pattern with fronto-temporal
dtart, and aventro-dorsal pattern of spread isfar from the
only MR manifestation of Alexander’sdisease and an ex-
tension of that original pattern has now been described.
Nevertheless, it seems justified to adhere to our chosen
method and first study unclassified cases with a well-
described MR pattern, asimilar clinical course (Figure 4)
and a hereditary pattern that allows genetic analysis.

MAGNETIC RESONANCE
TECHNIQUES: ADDITIONAL
APPLICATIONS

Apart from the role of MR techniques in the recogni-
tion of patterns and the description of new entities as
described above, MR has proved its value in the early
recognition of adisease, in follow-up, and in monitor-
ing of therapeutic regimens. Therole of MR techniques
in X-linked adrenoleukodystrophy to establish the cor-
rect timing of bone marrow or stem cell transplantation
isexemplary inthisrespect. The Loes scaleis often used
to indicate the time of intervention. MR spectroscopy,
estimation of magnetization transfer ratios and fractional
anisotropy should nowadays be included in signalling
the earliest onset of the disease and start the search for
an appropriate donor. In metachromatic leukodystrophy,
the success of bone marrow transplantation or stem cell
transplantation can be monitored by these techniques.

CONCLUSIONS
The pattern recognition program has increased the
specificity of MR reporting in WMD. In many cases,
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Figure 4. These T2-weighted images show (a) a striking symmetri-
cal pattern of involvement of the U-fibres, involvement of the
corpus callosum, and (b) cerebellar atrophy and Dandy-Walker
variant. All laboratory examinations are so far negative; mitochon-
drial disease was ruled out. The pattern recognition program will
identify this case as unclassified white matter disorder and prompt
the collection of similar cases when they occur.

MR is the first imaging examination performed, and
knowledge of the patterns of involvement may influ-
ence the clinical management of patients. Newer MR
techniques have contributed further information on ex-
amined tissue, and these techniques, in particular MR
spectroscopy and diffusion-weighted imaging, should
be part of the routine MR examination of these groups
of disorderswherever possible. Diffusion tensor imaging
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Figure 5. New magnetic resonance methods become available
in rapid succession. The results of fractional anisotropy (FA)
measurements, displayed in gray scale. The higher the signal
on the grey scale the higher the FA value. Note the excellent
grey-white matter distinction. In disease conditions and in the
myelination process these values will change. Data like these
give additional information about brain tissue and are thus
relevant to the diagnostic process.

and fibre tracking (Figure 5) may further assist in un-
derstanding the course of the diseases.

Therelationship of our MR pattern recognition program
with biochemical and genetic analysis has been very
successful. Genetic confirmation of ‘new’ diseases and
identification of the proteins involved has opened the
possibility of prenatal diagnosis, genetic counselling and
the search for therapeutic options.
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