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Entry questions – Q1

Which statement regarding leukodystrophies is true:

a. Leukodystrophies are caused by primarily dysfunction of 
oligodendrocytes and the structure of myelin

b. Are always progressive disorders

c. Can be caused by disorders of astrocytes or microglia primarily

d. None of the above
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Entry questions – Q2

Myelination of the brain is completed approximately at

a. Birth

b. 12 months

c. 24 months

d. Don’t know
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Entry questions – Q3

The rate of diagnosis of leukodystrophies (in children) improved 
tremendously due to MRI pattern recognition and whole exome 
sequencing. On average the rate of diagnosis currently:

a. 25%

b. 50%

c.  85%

d. Don’t know
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Outline of this presentation

• The concept of leukodystrophy

• MRI pattern recognition as the basis for diagnosis

• Whole exome sequencing: changing phenotypes

• Emerging treatments and newborn screening

• Putting it all together: diagnostic approach

• MRI patterns: most common leukodystrophies

• Current research and challenges for the future
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What is a leukodystrophy?

Genetically determined progressive disorders selectively involving the
central nervous system white matter

In the 20th century considered to always directly affect myelin directly or 
oligodendrocytes

Observation of the past decades challenge this narrow definition

van der Knaap et al, Acta Neuropathol, 2017 6



Should the definition of leukodystrophy be adapted?

• Some disorders are not progressive and can even improve

• Myelin or oligodendrocyten not always primarily affected

Leukodystrophies are genetically determined disorders primarily affecting 
CNS white matter (irrespective of the specific component involved) and
with a variable the disease course

For many leukodystrophies the pathophysiology is poorly understood (for
instance X-ALD)

van der Knaap et al, Acta Neuropathol, 2017
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How to classify leukodystrophies

van der Knaap et al, Acta Neuropathol, 2007

Diffusion MRI, 2nd edition 8

Half of brain mass is CNS white matter 

Alexander disease
MLC

ALSP
X-ALD?

PMD
4H

NCL
GM-1

vasculopathies

Canavan
CMT-X



A proposed classification based on pathophysiology

van der Knaap et al, Acta Neuropathol, 2017
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Approach to diagnosis

• A (neuropathologic/pathophysiologic) classification is important, but 
does not directly guide the clinician

• Symptoms are both aspecific (CNS symptoms like spasticity and ataxia) 
and specific (hypodontia for 4H, adrenal failure for X-ALD, etc)

• Signs and symptoms alone do not reliably diagnose leukodystrophies
(especially in the early stage)

• Specific MRI patterns defined the field from the late 1980s
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MRI pattern recognition

• Revolutionised the field of leukodystrophy diagnosis and research from
the 1980s onward

• Classification by clinical features and MRI pattern identified new 
disorders (LBSL, MLC)

• Made accurate diagnosis and gene discovery possible (linkage analysis)

van der Knaap et al, Ann Neurol, 2003 11



MRI pattern recognition in leukodystrophies

van der Knaap et al, Neuroradiology, 1991
van der Knaap et al, Radiology, 1999
van der Knaap et al, Neurology, 2008 12

• Systematic analysis of many different white & gray matter structures and lesion characteristics
• Items with the highest differentiating value are:

1. confluent and symmetrical versus multifocal and asymmetrical
2. predominant localisation of the abnormalities
3. nature of the white matter abnormalities 
4. presence of special features

• Integration of the MRI data into patterns with high diagnostic specificity
• Combination with clinical information 
• Short differential diagnosis

N.B. There are always exceptions!



MRI pattern recognition in leukodystrophies

van der Knaap et al, Neurology, 2008 13



Myelination is not complete at birth

van der Knaap et al, Neurology, 2008
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Birth 6 months 1 year 5 years



Trio whole exome sequencing: a game changer

• For many leukodsytrophies a causative gene has been identified

• Open WES / panels make it possible to screen large numbers of genes in 
a short period of time

• Diagnosis rate has greatly increased (up to 85%)

• Still: accurate clinical and MRI description remains very important to
interpret results (both in case genetic results are “negative” and
“positive”)

• Phenotypes are expanding: mostly at the extreme ends of the spectrum

Helman et al, Ann clin Transl Neurol, 2020 15



A phenotypic spectrum for all leukodystrophies

van der Knaap et al, Ann Neurol, 2003

Stellingwerff et al, Neurol Genet, 2021 16

“classic LBSL” 2003 “severe LBSL” 2021



Some leukodystrophies are treatable

Allogeneic hematopoietic cell transplant (HCT) is an option for some
leukodystrophies

X-linked adrenoleukodystrophy (ALD): early stage disease (Loes score < 9)

Metachromatic leukodystrophy (MLD): some later onset forms and early
stage disease

Adult-Onset Leukoencephalopathy with Axonal Spheroids and Pigmented
Glia (ALSP): early stage disease
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Example: the leukodystrophy of ALD

Loes et al, AJNR, 1994

Raymond et al, Biol Blood Marrow Transplant, 2019 18

Loes score (0 – 34)



Emerging treatments

Lentiviral gene therapy for autologous transplant voor ALD (elivaldogene
autotemcel) and MLD (atidarsagene autotemcel).

Several small compounds (like guanabenz for VWM, leriglitazone for ALD)

ASO (anti-sense oligonucleotide) therapy for Alexander disease

AAV-9 gene therapy for ALD, Krabbe disease, MLD
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(Emerging) treatments mean considering newborn screening (NBS)

• NBS for ALD implemented in (parts of) the USA and the Netherlands

• Possibility for follow-up and optimal timing of treatment

• Opportunities for research: accurate knowledge of natural history and
phenotypic spectrum

Barendsen et al, Front Cell Dev Biol, 2020 20



Approach to the patient with a suspected leukodystrophy

van der Knaap et al, Lancet Neurology, 2019 21



Now some classic MRI patterns

• Use the algorythm to describe the pattern

• Describe additional features
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Pattern 1

23

Early disease Late disease

Confluent, symmetrical,
parieto-occipital predominance

Gd+ beyond the leading edge of the lesion

ALD



Pattern 2

Courtesy of Prof. N. Wolf 24

Late-infantile Juvenile Adult 1 Adult 2

Confluent, symmetrical
periventricular predominance

Leopard skin sign/tigroid pattern

Late-infantile Juvenile Adult 1 Adult 2

MLD



Pattern 3

Courtesy of Prof. v.d. Knaap 25

Confluent, symmetrical,
diffuse cerebral

Subcortical cysts

qMRI indicate increased white matter 
water content and large water spaces

MLC



Pattern 4

Courtesy of Prof. v.d. Knaap 26

Confluent, symmetrical
Diffuse cerebral

Rarefaction of the white matter

end stageearly stage

VWM



Pattern 5

Courtesy of Prof. v.d. Knaap 27

Confluent, symmetrical
Frontal and posterior fossa
predominance

Gd+

Alexander disease



Pattern 6

Courtesy of Prof. v.d. Knaap 28

Patchy, multifocal, 
asymmetric

Calcifications

ALSP



Pattern 7

AMACR
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Pattern 8

30

dorsal
columns

pyramidal
tract

pyramids inferior
cerebellar
peduncle

decussation of the 
medial lemniscus

medial lemniscus

superior cerebellar
peduncle

pyramidal tract

van der Knaap et al, Ann Neurol, 2003

LBSL
(DARS2)



Pattern 9
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11 months

3 years

LTBL
(EARS2)



Current research and challenges for the future

• Newborn screening for ALD, MLD, Krabbe

• Many emerging treatments

• Clinical trials remain very challenging

• Current clinimetric tools have many limitations

• Especially problematic in rare diseases

• Better clinical trials (less patients, shorter follow-up) would greatly
accelerate therapy development
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Guidelines are emerging: but also highlight many knowledge gaps
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Example: clinical trials in ALD

Huffnagel et al, Brain, 2019 34

• Determining the presence of spinal cord disease is easy

• Quantifying disease severity is not

• Current outcome measures are not specific and not sensitive to small 
change, have “floor- and ceiling effect”

• Example: 6 minute walk test (226 patients per group for a trial with a 
duration of 1 year to detect a change of 50% in progression of spinal
cord disease)



New outcome measures are needed
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• Directly measure the underlying pathology

• Are sensitive to small changes in severity of spinal cord disease

• No “floor” and “ceiling” effect: more patients eligible (men in 
wheelchair and women)

• Predictors to stratify patients (risk of cerebral ALD, rate of progression) 
also needed



Towards objective outcome measures and predictors
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qMRI: cross sectional area of spinal cord

Dubey et al, 2005
Castellano et al, 2016

Huffnagel et al, Neurology, 2019
Van der Stadt, JIMD, 2020



qMRI: DTI of motor tracts in brain and spinal cord area



Force plate analysis / body sway

van Ballegoij et al, Frontiers Physiol, 2021 39



Neurofilament light and GFAP

van Ballegoij et al, ACTN, 2021 40



Neurofilament light and GFAP

van Ballegoij et al, ACTN, 2021 41



Neurofilament light and GFAP

Unpublished data 42



Summary

• Clinical features in combination with MRI pattern recognition allowed
the description of clinico-radiological syndromes

• WES improves rate of diagnosis and futher delineation of the disease
spectrum

• Standard MRI protocols (T1, T2, FLAIR, DWI) are adequate for diagnosis 
and follow-up in clinical practice

• Emerging treatments means better outcome measures for clinical trials 
are needed, qMRI techniques are being developed to use as surrogate
outcome measures
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Exit questions – Q1

Which statement regarding leukodystrophies is true:

a. Leukodystrophies are caused by primarily dysfunction of 
oligodendrocytes and the structure of myelin

b. Are always progressive disorders

c. Can be caused by disorders of astrocytes or microglia primarily

d. None of the above
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Exit questions – Q2

Myelination of the brain is completed approximately at

a. Birth

b. 12 months

c. 24 months

d. Don’t know
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Exit questions – Q3

The rate of diagnosis of leukodystrophies (in children) improved 
tremendously due to MRI pattern recognition and whole exome 
sequencing. On average the rate of diagnosis currently:

a. 25%

b. 50%

c.  85%

d. Don’t know
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