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GENERAL CONCEPTS

- HIGH CLINICAL AND IMAGING VARIABILITY:
very hard to set-up frameworks and determine
sharp borders.

- Mostly unspecific MRI patterns, very few
pathognomonic

- Often associated with anomalies of other regions

- Various literature attempts to grouping based on
features of BG involvement: putamen, pallidus,
thalamus...




BG degeneration concept
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- Primitive degeneration (usually genetic)

- Metabolic-toxic effect and progressive atrophy-necrosis



BRAIN COMMUNICATIONS 2020
Magnetic resonance imaging pattern recognition in childhood bilateral basal ganglia disorders.

Shekeeb SM et Al.

must read paper
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prenatal BG development
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Neuroimage 2014. Typical development of basal
ganglia, hippocampus, amygdala and
cerebellum from age 7 to 24

Lara Wierenga et Al..




Normal BG evolution (T2W)

hlgher contrast resolutlon

hlgher spatlal resolutlon
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newborn

Normal BG evolution (T1-W)




To start..BG (putamen and pallidus) CANNOT even develop at all

Brain. 2019; 142(10): 2965-2978. Agenesis of the putamen and globus

pallidus caused by recessive mutations in the homeobox
gene GSX2. Roberta De Mori, Mariasavina Severino et Al..
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GSX2-mutated patients presented agenesis or dysgenesis of the
structures derived from lateral and median ganglionic

eminences, including putamina, globi pallidi, caudate
nuclei and olfactory bulbs.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6776115/
https://pubmed.ncbi.nlm.nih.gov/?term=De%20Mori%20R%5BAuthor%5D

Brain Sciences 2020. Neuroimaging of Basal Ganglia in Neurometabolic Diseases in Children. Justyna
Paprocka et Al.

Table 2. Basal ganglia neuroimaging abnormalities in neurometabolic diseases [10].
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Wilson disease

MR Imaging of the Brain in Neurologic Wilson Disease.
X.-E. Yu, S. Gao,R.-M. Yang and Y .-Z. Han AJNR Am ) Neuroradiol 40:178—-83 Jan 2019

petween age of onset and region-specific brain damage in neurologic WD"

No. of Globus Caudate Frontal Temporal Parietal Corpus
Age of Onset (yr) Cases Putamen Pallidus Nucleus Thalamus Midbrain Pons Cerebellum Lobe Lobe Lobe Callosum
Youngerthan10 25  25(100)
10-14 1 107 (95. N(277) 47(420) 52(464) 74(66])  208)  3Q7) 208 3Q7)  8(7)




Wilson disease

Bilateral lesions of the basal ganglia and thalami (central grey
matter)—pictorial review Neuroradiology (2020

Sofie Van Cauter "> - Mariasavina Severino? - Rosamaria Ammendola?® - Brecht Van Berkel " - Hrvoje Vavro* -
Luc van den Hauwe>*® - Zoran Rumboldt”®

pallidum mild T1 hyperintensity



PRKRA related dystonia and BG degeneration-(rare variant)

60m

PRKRA: autosomal recessive disorder combining generalized dystonia and
parkinsonism. Mov Disord 2021

PRKRA-Related Disorders: Bilateral Striatal Degeneration in Addition

to DYT16 Spectrum
Silvia Masnada, Davide Tonduti, et Al.

Acute infantile form with hypotonia, pyramidal sign, bradikynesia, motor regression



https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Masnada+S&cauthor_id=33606314

FIRES (FEBRILE INFECTION-RELATED EPILEPSY SYNDROMIE)

Stefano Meletti et al.,, Neurology 2015

Claustrum damage ind refractory status epilepticus following febrile illness

“After a few days acute repeated seizures (focal
motor/myoclonic events with alternating side involvement and
subsequent generalization)»

bllateral CI UStrum lesion (partially revers:ble? y




Cockayne syndrome

Mutations in ERCC6 or ERCC8

. ) ) Nature 2000
gene-proteins involved in DNA repair: DNA repair: The bases for
progressive neurodegeneration, accumulation Cockayne syndrome

. . . . . . Philip C. Hanawalt
oxidative DNA lesions in postmitotic neurons, b

leading to apoptosis.
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Menkes disease

mutations ATP7A gene encoding copper-transporter P-type adenosine
triphosphatase. Impaired absorption and cellular metabolism of copper

AJNR 2017

Neuroimaging Changes in Menkes Disease, Part 2
R. Manara et Al.

BG involvement: caudate and putamen. Abnormalities may
be transient in DWI; ischemic etiology?




Brain iron and basal ganglia disorders
in children




before 4 yrs of age BG should be NO dark on SWI

-




Neurodegeneration with brain
iron accumulation (NBIA).

Heterogeneous group caused by defects in proteins with
even NO DIRECT role in iron homeostasis.

All proteins are important for mitochondrial function.

Only two have a known role in iron homeostasis:
- ferritin light chain
- ceruloplasmin




Neurodegeneration with brain iron accumulation (NBIA).

The four most common:

2 - PLAN phospholipase A2-associated neurodegeneration caused by mutation in

PLA2G6
Cerebellar atrophy and optic nerve atrophy.

3 - MPAN mitochondrial membrane protein-associated neurodegeneration from
mutations in C19orf12,

T2-hyperintense line of the medial medullary lamina between the lateral and medial parts
of pallidus

4 - BPAN beta-propeller protein-associated neurodegeneration due to mutations in
WDRA45 encoding a putative autophagy protein

On T1-weighted images a hyperintense “halo” in the substantia nigra and cerebral
peduncles




Neurodegeneration with brain iron accumulation (NBIA).
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must read paper

Brain MRI Pattern Recognition in Neurodegeneration With

Brain Iron Accumulation
Jae-Hvyeok Lee et Al

Front. Neurol. 2020

eye of the tige

AJNR 2018. Looking Deep into
the Eye-of-the-Tiger in
Pantothenate Kinase—
Associated Neurodegeneration

J.-H. Lee, Susan J. Hayflick et Al.



https://www.frontiersin.org/people/u/575379

must read paper
Brain MRI Pattern Recognition in Neurodegeneration With

Brain Iron Accumulation
Front. Neurol. 2020

DEY.

At the age 10


https://www.frontiersin.org/people/u/575379

must read paper
Brain MRI Pattern Recognition in Neurodegeneration With
Brain Iron Accumulation

Front. Neurol. 2020

At the age 15



https://www.frontiersin.org/people/u/575379

phospholipase A2-associated neurodegeneration caused by mutation in PLA2G6

8 yrsold F

cerebellar atrophy
and optic nerve
atrophy.




Handb Clin Neurol. 2018
Neurodegeneration with brain iron accumulation

SUSAN J. HAYFLICK et Al.

Two NBIA disorders set apart: genes that encode iron_homeostatic
proteins, ceruloplasmin and ferritin

Different from other NBIAs : extensive accumulation of iron in regions
that are normally 1ron-rich: caudate, putamen, thalamus, dentate, and red
nucleus, in addition to the globus pallidus and substantia nigra.

- Aceruloplasminemia

Aceruloplasminemia: T2-HYPO 1n dentate, SN, pallidus,
putamen, caudate, NO CAVITATIONS



‘NBIA mimics’ such as alpha mannosidosis,

fucosidosis, gangliosidoses, mucolipidosis type 1V .

BRAIN COMMUNICATIONS 2020
Magnetic resonance imaging pattern recognition in childhood bilateral basal

ganglia disorders. Shekeeb SM et Al.
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‘NBIA mimics’

infantile neuroaxonal dystrophy

Special early case:

More aggressive form with acute-subacute putamen and caudate
involvement too

control  Cerebellar cortex atrophy

more classic findings



‘NBIA mimics’

Gangliosidosis GM1 (tay-sachs)
and GM2 (sandhoff)

- Lysosomal storage disorders recessive and caused by lysosomal
enzyme deficiency.

- Strictly metabolic disorder, however time-course «DEGENERATIVE»-like

Bilateral lesions of the basal ganglia and thalami (central grey —i

- Infantile, juvenile and adult forms. matter)—pictorial review  Neurorailogy 2020

Sofie Van Cauter " - Mariasavina Severino® - Rosamaria Ammendola - Brecht Van Berkel " - Hrvoje Vavrg

Luc van den Hauwe>*® - Zoran Rumboldt”?

- symmetric high-T1W and low-T2W signal in thalami

17mF,
Infantile form

GM1




BG degeneration in cell energy
homeostasis failure



Lelgh Syndrome (subacute necrotizing encephalopathy)

Heterogeneous group of neurodegenerative disorders: clinical,
neuroimaging and genetic variability.

Often symmetric involvement of basal ganglia, midbrain, dentate nuclei

CAUSES:
mutations in mitochondrial or nuclear DNA for:

gproteins of respiratory chain complexes|l (VOUFY), IL, 111, IV (SURFJ),

Others related to mithocondrial disases:
- Valine catabolism pathway (ECHS1)

- Tiamine deficency (SLCZ)



Leigh syndrome
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Fahr disease

Primary familial brain calcifications:
autosomal dominant neurodegenerative disease with abnormal calcium deposits in the

basal ganglia and other regions.

- Rare onset in childhood.

- Calcifications in BG, thalami, dentate nuclei, and WM.

Intracranial calcification in
childhood: a review of aetiologies
and recognizable phenotypes | H

Ped. Nerurol. 2023.
Mineralizing
Lenticulostriate
Vasculopathy: An Emerging
Risk Factor for Basal
Ganglia Stroke After Minor
Head Trauma in Young
Children Jatinder Singh
Goraya

Neurol. Sci 2021 How to look for intracranial
calcification in children with neurological
disorders: CT, MRI, or both of them? Davide Tonduti
et Al


https://onlinelibrary.wiley.com/authored-by/Livingston/John+H
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European Journal of Paediatric Neurology 2014
Subthalamic nucleus involvement in children: a
neuroimaging pattern-recognition approach
Thangamadhan Bosemani et AL.
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https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Bosemani+T&cauthor_id=24149100
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Some among more frequent entities involving STN as
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DIFFERENTIAL DIAGNOSIS Al

Acquired —metabolic or clastic disorders mimicking MRI features of neurodegenerative disorders
and easily differentiated only when occur with ACUTE clinical features

Prevalent bilat. putaminal-caudate involvement
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BRAIN COMMUNICATIONS 2020
Magnetic resonance imaging pattern
recognition in childhood bilateral basal
ganglia disorders. Shekeeb SM et Al.




DIFFERENTIAL DIAGNOSIS A2

Acquired —metabolic disorders mimicking MRI features as neurodegenerative disorders
and easily differentiated only when present with ACUTE clinical features

Prevalent thalamic involvement
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Hemolytic Uremic Syndrome ADEM
(shiga, shigalike toxins)
E Coli 0157:H7



DIFFERENTIAL DIAGNOSIS A3

Acquired/metabolic disorders mimicking MRI features similar to neurodegenerative disorders
And easily differentiated only when ACUTE clinical features

Prevalent bilat. pallidal involvement

6 months 15 months

sequelae ECHS1 Mitochondrial
of neonatal fatty acid oxidation
Bilirubinimia disorders associated

. withshort-chain enoyl-
(ker nicter us) CoA hydratase deficiency

Indian J Critical Care

Medicine 2020,

Acute Disulfiram 4 3

Poisoning in a Child: 5" L 4yrs F
A Case Report and Sd

Review of Literature
Kapil Bhalla et Al.
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THANKS!



