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KEY POINTS

� Neurocutaneous syndromes are associated with widespread cerebellar involvement.

� Cerebellar involvement in certain types of neurocutaneous syndromes may cause neurocognitive
deficits, in particular with regard to language and visuospatial abilities in children.

� Accurate characterization of cerebellar involvement may help in the diagnosis and influences long-
term neurocognitive prognosis of children with neurocutaneous syndromes.

� In neurocutaneous disorder, cerebellar tumors such as medulloblastoma in basal cell nevus syn-
drome have a significantly different management regime comparedwith sporadicmedulloblastoma.
INTRODUCTION

Neurocutaneous syndromes (NCS) are a group of
congenital disorders of histogenesis in which the
overall brain structure may be normal but anoma-
lous cells persist and continue to differentiate.
NCS primarily involves structures derived from
the neuroectoderm and, consequently, typically
affect the skin and central and/or peripheral ner-
vous system. Most textbooks and reviews focus
on the description of the typical supratentorial
findings in NCS, with few focusing on the coexist-
ing infratentorial lesions. Neuroimaging has proven
to play a key role in the characterization, definition,
and diagnosis of NCS. The cerebellum is, how-
ever, involved in various types of NCS and its care-
ful evaluation should be part of every
neuroimaging study in children with NCS. Cere-
bellar involvement may (1) be helpful or needed
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for the diagnosis of certain types of NCS and
(2) explain the cognitive and behavioral phenotype
(eg, impaired visuospatial ability, impaired
language, or abnormal social behavior) of children
with some NCS.

This article describes various types of NCS with
cerebellar involvement. For each disease or syn-
drome, clinical features, genetic, neuroimaging
findings, and the potential role of the cerebellar
involvement is discussed.

NEUROFIBROMATOSIS TYPE 1

Neurofibromatosis type 1 (NF1; Online Mendelian
Inheritance in Man [OMIM] entry 162200) is the
most common NCS with a prevalence of 1 in
2500 to 3000 individuals.1 It is an autosomal domi-
nant disorder caused by heterozygous mutation in
the neurofibromin gene on chromosome 17q11.2.
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Neurofibromin is widely expressed with high levels
in the nervous system and acts as a tumor sup-
pressor. Neurofibromin reduces cell growth and
proliferation by negative regulation of the cellular
proto-oncogene p21RAS and by control of the
serine threonine kinase mammalian target of rapa-
mycin (mTOR).2 Impaired neurofibromin function
predisposes to benign and malignant tumor
formation.
The principal clinical manifestations of NF1

involve the skin and the nervous system, but the
complications are variable and may involve most
of the body systems.3

Neuroimaging abnormalities in NF1 include intra-
cranial neoplasms, parenchymal T2-hyperintense
lesions, cerebral vasculopathy, and sphenoid
wing dysplasia. Intracranial neoplasms include
glioma, cranial nerve schwannoma, and plexiform
neurofibroma.4 Gliomas generally develop in the
optic pathways, brainstem, and, rarely, cere-
bellum. Optic pathway gliomas are the most
Fig. 1. Neurofibromatosis type 1. (A) Axial T2-weighted im
lesions (arrow), also referred to as unidentified bright obje
enhancing glioma in the rostral and medial aspect of the
(C) Sagittal and (D) coronal T2-weighted images showing
with stable enlargement of the interfoliar spaces consiste
T2-weighted images showing enlargement of the left cere
cerebellar hemisphere is bulky, crosses the midline, and it
bellar dysmorphia. (From Toelle SP, Poretti A, Weber P, et a
matosis type 1. Cerebellum 2015;14(6):642–9; with permis
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frequent neoplasms seen in about 15% of children
with NF1 and are typically low-grade pilocytic
astrocytomas. Parenchymal T2-hyperintense
lesions, also referred to as unidentified bright
objects, can be seen in up to 75% of pediatric pa-
tients with NF1 and tend to decrease in prevalence
with advancing age (Fig. 1A).4 These lesions are
not space occupying, do not or very rarely show
contrast enhancement, and are typically located
in the basal ganglia, internal capsule, brainstem,
and cerebellum. Increased apparent diffusion coef-
ficient (ADC) values in unidentified bright objects
match the histopathological finding of myelin vacu-
olation and spongiotic changes attributed to
increased water accumulation.5

Primary cerebellar tumors are a rare presenta-
tion in NF1. In a series of 600 NF1 subjects, only
2 children had low-grade astrocytomas arising
primarily from the cerebellar hemisphere
(Fig. 1B).6 Vinchon and colleagues7 showed an
overall better outcome for cerebellar gliomas
age showing cerebellar parenchymal T2-hyperintense
cts. (B) Axial T1 postcontrast image demonstrating an
cerebellar vermis and optic glioma on the left (arrow).
normal size of the cerebellar vermis and hemispheres
nt with cerebellar hypoplasia. (E) Sagittal and (F) axial
bellar hemisphere. The posteromedial part of the left
s interfoliar spaces are enlarged, consistent with cere-
l. Cerebellar hypoplasia and dysmorphia in neurofibro-
sion.)
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associated with NF1 compared with sporadic
cerebellar gliomas. Cerebellar parenchymal
T2-hyperintense lesions can be distinguished
from neoplasms based on absence of mass effect
and lack of enhancement. Children with cerebellar
parenchymal T2-hyperintense lesions showed a
lower intelligence quotient and an altered cognitive
profile compared with children without the
lesions, particularly with regard to language and vi-
suospatial abilities.8 Malformative cerebellar ab-
normalities, including cerebellar hypoplasia and
dysmorphia (defined as enlargement of a cere-
bellar hemisphere with widening of the interfoliar
spaces of its posterior part, which is bulky and
crosses the midline), are a rare but most likely an
underestimated cerebellar manifestation of NF1
(Fig. 1C–F).9
TUBEROUS SCLEROSIS COMPLEX

Tuberous sclerosis complex (TSC) is caused
by either TSC1 (OMIM 191100) or TSC2 (OMIM
613254). It is an autosomal dominant NCS
characterized by hamartomas in several organs,
including the skin, brain, heart, eyes, kidney,
lung, and liver.10 TSC is due to an inactivating mu-
tation in 1 of the 2 genes, TSC1 (on chromosome
9q34) encoding hamartin or TSC2 (on chromo-
some 16p13.3) encoding tuberin.10 Hamartin and
tuberin work together to inhibit the mTOR pathway
that stimulates protein translation, cell growth, and
proliferation. Mutations of hamartin or tuberin in
TSC cause hyperactivation of the downstream
mTOR pathway, which leads to disorganized
cellular overgrowth, abnormal differentiation,
increased protein translation, and the formation
of tumors. Estimated prevalence of TSC is 1 in
6000 to 7000 newborns.

The identification of either a TSC1 or TSC2 path-
ogenic mutation in DNA from normal tissue is suf-
ficient to make a definite diagnosis of TSC.11

Between 10% and 25% of TSC patients have no
mutation identified by conventional genetic testing
and a normal result does not exclude TSC or have
any effect on the use of clinical diagnostic criteria
to diagnose TSC.11

Clinical features of TSC most commonly involve
the brain (seizures, including infantile spasms,
intellectual disability, autism, and self-injurious
or aggressive behavior), skin (hypomelanotic
macules, angiofibromas, ungula fibromas,
shagreen patch, and confetti skin lesions), kidneys
(angiomyolipomas and multiple renal cysts), heart
(cardiac rhabdomyomas), eyes (multiple retinal
hamartomas), and lungs (lymphangioleiomyoma-
tosis in female patients). The 2012 International
TSC Consensus Conference updated diagnostic
Descargado para Anonymous User (n/a) en Asturias Ministry of 
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clinical criteria now include 11 major features and
6 minor features. The 2012 consensus is based
on definite (2 major features or 1 major feature
with �2 minor features) or possible (either 1 major
feature or�2 minor features) diagnosis.11 Interest-
ingly, some neurologic symptoms such as
seizures and intellectual disability are not part of
the diagnostic criteria. Three major diagnostic
criteria are based on neuroimaging studies
(cortical dysplasias, including tubers and cerebral
white matter radial migration lines [RMLs], sube-
pendymal nodules, and subependymal giant cell
astrocytoma). This means that the diagnosis can
be made by brain MR imaging alone.

The neuroimaging manifestations of TSC
include cortical tubers, subependymal nodules,
subependymal giant cell astrocytomas, and white
matter RMLs.4 White matter RMLs are the most
frequent neuroimaging finding and are strongly
associated with age of seizure onset, intelligence
outcomes, and level of autistic features.12 RMLs
represent residual or altered heterotopic glial cells
and neurons along the course of glial neuronal
migration. Cortical tubers observed in approxi-
mately 90% of TSC patients are a type of focal
cortical dysplasia and may occur in the cere-
bellum. The pathologic and clinical overlap
between cortical tuber as a major feature and
RML as a minor feature in the 1998 diagnostic
criteria were replaced with a single major feature,
cortical dysplasia, in the new 2012 classification.11

Cerebellar tubers are present in 24% to 36% of
TSC patients and have a different imaging pattern
compared with cerebral tubers.13,14 Cerebellar
cortical tubers differ from the supratentorial tubers
in their imaging features. They are triangular with a
broad base towards the cerebellar cortex. The
shape results from the differing neuronal migration
within the cerebellum compared with the cere-
brum. Cerebellar tubers are T1-hypointense, and
T2-hyperintense (Fig. 2A). Contrast enhancement
with a striated or zebra-like pattern (Fig. 2B) and
calcification (Fig. 2C) may be seen.13,15 Cerebellar
tubers were demonstrated to increase in size,
enhancement, or calcification, within the first
8 years of life (Fig. 2D).13 Elevated ADC values in
cerebellar tubers have been attributed to gliosis
and hypomyelination.13,15 An increasing number
of cerebellar tubers on MR imaging has been
correlated with the severity of autistic spectrum
disorder.16 In addition, reduced cerebellar volume
has been observed in TSC patients, particularly
patients with TSC2 mutations and a more severe
phenotype.17 Evidence of the role of cerebellar
involvement in cognition and behavior in TSC
was provided by animal studies. In a Tsc1 mouse
model, Tsai and colleagues18 showed a decrease
Health de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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Fig. 2. 5-year-old girl with TSC. (A) Axial T2-weighted image showing a wedge-shaped hyperintense lesion on the
left consistent with a cerebellar tuber (arrow). (B) Axial susceptibility-weighted image (SWI) demonstrates hypo-
intensity within the tuber (arrows), suggesting calcification. (C) Coronal T1 postcontrast image showing striated
or zebra-like pattern of enhancement (arrow). (D) Axial T2-weighted image at 10-months of age shows a subtle
T2 bright cerebellar tuber on the left (arrow) with interval significant increase in dimension at 5-years of age.
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in the number of Purkinje cells compared with con-
trol. This is the most likely explanation for smaller
cerebellar volume in TSC patients. In addition,
mutated mice showed an autistic-like behavior
as seen in TSC patients.
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STURGE-WEBER SYNDROME

Sturge-Weber syndrome (SWS; OMIM 185300) is
a sporadic NCS characterized by a facial cuta-
neous capillary malformation (port-wine stain) in
de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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the ophthalmic distribution of the trigeminal
nerve, ipsilateral vascular glaucoma, vascular
malformation of the choroid, and a concomitant
vascular malformation of the brain and meninges
(leptomeningeal angioma).19 The estimated prev-
alence of SWS ranges between 1 in 20,000 to
50,000 live births. Specific somatic mosaic acti-
vating mutation in GNAQ is associated with
both SWS and nonsyndromic port-wine stains.20

It is hypothesized that GNAQ mutation causes
dysregulation of vascular endothelin that may
result in malformed, progressively dilated, and
abnormally innervated blood vessels.20 Patho-
physiological mechanism in SWS can be
explained by venous dysplasia producing focal
venous hypertension and resultant tissue hyper-
trophy.21 The absence of a mature venous system
is initially compensated by the persistence and
enlargement of the primitive primordial cerebral
venous system. This primitive venous system be-
comes progressively insufficient with the rapid
brain development resulting in intraparenchymal
venous hypertension, venous ischemia, tissue
injury, and atrophy. Compensatory collateral
venous circulatory pathways (eg, dilated intrame-
dullary veins) draining into the deep venous sys-
tem partially compensate for the venous
insufficiency.22 The clinical course of SWS is var-
iable but typically includes seizures, hemiparesis,
headache, stroke-like episodes, developmental
delay, and visual field defects.23

Typical neuroimaging findings in SWS include
a prominent leptomeningeal angiomatosis (espe-
cially well seen on contrast-enhanced
T1-weighted and FLAIR images),24 dilated med-
ullary veins, enlargement of the ipsilateral choroid
plexus, and underlying slowly progressive
cortical or subcortical atrophy. The occipital
lobes are primarily affected; in severe cases the
central zone, as well as frontal lobes, may also
be involved. Rare cases of bilateral involvement
have been recorded. Susceptibility-weighted
imaging (SWI) is an advanced MR imaging tech-
nique that can detect deoxygenated blood in
small veins without contrast administration. SWI
can detect dilation of transmedullary veins sec-
ondary to venous hypertension.25 In addition,
progressive cortical calcifications secondary to
long-standing venous hypertension or ischemia
is easily identified by the T2* blooming artifacts
on SWI.

Cerebellar involvement in SWS is rare and
includes leptomeningeal enhancement (Fig. 3A),
atrophy, and developmental venous anomaly
(Fig. 3B–D). ADC-values of the cerebellar white
matter remote from the location of the leptomenin-
geal angioma may be increased.26
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PHACE SYNDROME

PHACE syndrome (OMIM 606519) is an NCS char-
acterized by posterior fossa malformation, infantile
hemangioma (IH), arterial anomalies, coarctation
of the aorta, eye abnormalities, and ventral devel-
opmental defects, specifically sternal defects,
and/or supraumbilical raphe. The cause and path-
ogenesis of PHACE is unknown and its diagnosis
is based on the presence of a characteristic
hemangioma and other major or minor clinical or
imaging criteria.27

Isolated IH are subtle or absent at birth, usually
becoming more evident within the first days to
weeks of life. IH associated with PHACE tend to
be large (>5 cm in diameter), telangiectatic in
appearance, and typically segmental in distribu-
tion in the face.27 Most patients have a normal
neurologic examination in infancy but may develop
focal seizures, developmental delay, and recurrent
headaches.27 Early neurologic findings are
typically related to structural brain anomalies.

The presence of a segmental cervicofacial IH
should prompt neuroimaging to evaluate for the
presence of intracranial abnormalities that may
be related to PHACE. Hence, neuroimaging plays
a key role in establishing the diagnosis. Intracranial
anomalies (cerebrovascular and posterior fossa)
are the most common extracutaneous feature of
PHACE and are typically ipsilateral to the IH.28,29

Intracranial and cervical arteriopathy diagnosed
by MR angiography can be categorized as
dysgenesis, narrowing, nonvisualization, persis-
tent embryonic carotid-vertebrobasilar arterial
connections, and abnormalities in arterial course
and/or origin.28 Arterial dysgenesis is the most
common vascular manifestation and is character-
ized by eccentric outpouching, fusiform enlarge-
ment, or aneurysm formation.28 Arteriopathy is
more common in the anterior circulation (internal
carotid artery) than in the posterior circulation.
Perinatal arterial ischemic stroke may be seen.
Supratentorial brain abnormalities associated
with PHACE include callosal dysgenesis, hemi-
spheric hypoplasia, subependymal heterotopia,
polymicrogyria, and extra-axial hemangiomas.30

Posterior fossa anomalies are the most commonly
reported brain anomalies in PHACE.27,28,30 The
typical posterior fossa anomaly is unilateral cere-
bellar hypoplasia (Fig. 4) with or without involve-
ment of the vermis; whereas a Dandy-Walker
malformation (DWM) is less common.28
VON HIPPEL-LINDAU DISEASE

von Hippel-Lindau (VHL) disease (OMIM 193300)
is an autosomal dominant NCS characterized by
Health de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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Fig. 3. SWS. (A) Axial T1 postcontrast image showing an enhancing leptomeningeal angiomawithin the cerebellar
fissures on the right (arrow). (B) Coronal (arrow) and (C) axial T1 postcontrast image showing developmental
venous anomaly (DVA) in the left cerebellar hemisphere (arrow) and atrophy in the left cerebrum. (D) Axial SWI
image showing hypointense signal in the left cerebellar hemisphere DVA (arrow). (From [A] Arulrajah S, Ertan G,
M Comi A, et al. MR imaging with diffusion-weighted imaging in children and young adults with simultaneous su-
pra- and infratentorial manifestations of Sturge-Weber syndrome. J Neuroradiol 2010;37:51–9; with permission.)
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various benign andmalignant tumors of the central
nervous system (CNS), kidneys, adrenal
glands, inner ear, and reproductive adnexal
organs such as retinal, cerebellar, and spinal
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hemangioblastoma and endolymphatic sac tumor.
VHL results from a germline mutation in the VHL
tumor suppressor gene on chromosome 3p25.3,
which inactivates a VHL allele, with the carriers
de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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Fig. 4. 4-month-old girl with PHACE syndrome. (A) Axial T2 and (B) coronal T1-weighted images showing unilat-
eral cerebellar hypoplasia with volume loss in the left cerebellar hemisphere and vermis with a normal sized pos-
terior fossa and a prominent extra-axial CSF space subjacent to it.

Fig. 5. 16-year-old boy with VHL disease. Coronal T1
postcontrast image demonstrates numerous heman-
gioblastomas within the cerebellum and in the cervi-
comedullary junction (arrow).
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of this mutation being subject to a second inacti-
vating event (2-hit hypothesis).31 This mutation re-
sults in complete functional loss of the tumor
suppressor and, therefore, overexpression of pro-
teins that mediate angiogenesis. The estimated
incidence of VHL is about 1 in 36,000 live births.4

Outside the CNS, multisystem visceral involve-
ment includes renal cysts, renal cell carcinomas,
pancreatic cysts, and pheochromocytomas. CNS
hemangioblastoma is observed in 65% of patients
with VHL and is a defining feature in VHL.32

The cerebellum is the most common location
(about 65%) for CNS hemangioblastomas. They
are highly vascular benign World Health Organiza-
tion (WHO) grade 1 tumors that show solid
enhancement, appear pial-based, and are, there-
fore, peripherally located in the cerebellum
(Fig. 5). When the tumors enlarge, they appear
cystic with an enhancing mural nodule and the
natural history of progression shows a faster rate
of cystic expansion than growth of the causative
solid tumor, eventually resulting in pressure effect
and clinical symptoms.33 Hemangioblastomas are
T1-isointense and T2-hyperintense. Heteroge-
neous T2 signal may be seen in the presence of
intralesional hemorrhage. Mural nodules are well
demarcated and show homogenous enhance-
ment. If present, flow voids appear T2 hypointense
Descargado para Anonymous User (n/a) en Asturias Ministry of Health de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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with superficial heterogeneous enhancement.
Peritumoral vasogenic edema is typically mild. In
VHL, multiple lesions may occur simultaneously.
Additional lesions may be present along the spinal
cord. Imaging of the entire neural axis is conse-
quently advised. The lesion may mimic a pilocytic
astrocytoma. The clinical findings usually allow
differentiation. In addition, hemangioblastomas
are typically characterized by the prominent
vascular signal voids. Finally, hemangioblastomas
may hemorrhage into the subarachnoid space with
resultant hemosiderosis due to their high vascular
nature and close proximity to the subarachnoid
space. Endolymphatic sac tumors are, with a prev-
alence of up to 16%, a component of VHL disease.
Contrast-enhanced MR imaging of the petrous
bone must be part of annual surveillance.34

Affected children may present with a history of
minor neurologic symptoms, such as occipital or
frontal headaches or imbalance. Significant neuro-
logic deficit may result from development of
obstructive hydrocephalus, tonsillar herniation,
and brainstem compression, requiring immediate
neurosurgical intervention.35
NEUROCUTANEOUS MELANOSIS

Neurocutaneous melanosis (NCM; OMIM 249400)
is a rare NCS characterized by congenital melano-
cytic nevi (CMN) associated with CNS involve-
ment.36 CMN can be single or multiple and are
present at birth or arise within the first few weeks
of life. It has recently been found to be caused
by mosaicism for heterozygous somatic mutations
in the NRAS codon 61 of a progenitor cell within
the neuroectoderm.37 NCM is characterized by
excessive proliferation of melanocytes in the
leptomeninges and brain parenchyma, and is
considered an embryologic abnormality of the
developing neuroectoderm. MR imaging of the
entire neural axis is the modality of choice in chil-
dren with 2 or more CMN at birth, and performed
in the first year of life (ideally within the first
6 months due to progressing myelination, which
may obscure the signal of melanin).36

Seizures represent the most common initial
neurologic symptom in children.38 Neurodevelop-
mental delay and increasing intracranial pressure
from hydrocephalus are other neurologic symp-
toms in NCM. Progressive leptomeningeal mela-
nocytosis and/or melanoma of the brain and
spine are associated with a poor prognosis. Prolif-
erating leptomeningeal deposits are associated
with communicating hydrocephalus and/or
increasing intracranial pressure.
The most common neuroimaging abnormality

on MR imaging is isolated intraparenchymal
Descargado para Anonymous User (n/a) en Asturias Ministry of Health 
personal exclusivamente. No se permiten otros usos sin autorización. Co
melanosis (foci of melanin-containing cells in the
brain parenchyma), which was previously consid-
ered to be secondary only to overlying invasive
leptomeningeal disease.36 The typical location for
melanin deposition with T1-hyperintensity and/or
T2 hypointensity is in the anterior regions of the
temporal lobes (amygdala), cerebellum, pons,
and leptomeningeal surface.38 In addition to
T1-hyperintensity (melanin) on the precontrast
images, diffuse nodular enhancement may be pre-
sent postcontrast with progressive leptomenin-
geal melanocytosis. Diffuse leptomeningeal
melanoma may develop and is biopsy proven.
Intraparenchymal melanosis with

T1-hyperintense lesions may affect the cere-
bellum (Fig. 6A). Cerebellar hypoplasia may be
associated with NCM (Fig. 6B).
GÓMEZ-LÓPEZ-HERNÁNDEZ SYNDROME

Gómez-López-Hernández (GLH) syndrome
(OMIM 601853) also known as cerebello-
trigeminal-dermal dysplasia is a rare NCS
comprising the triad of rhombencephalosynapsis
(RS) (Fig. 7A, B), parietal alopecia (Fig. 7C), and tri-
geminal anesthesia.39 The cause remains un-
known. No chromosomal abnormalities have
been reported to date. The clinical signs of GLH
(alopecia, trigeminal anesthesia, ataxia, and head
stereotypies) can be very mild and easily missed.39

In GLH, there is a broad range of cognitive impair-
ment but cognition can even be normal.39

Neuroimaging plays a key role in establishing
RS, which is a key feature of GLH and, hence, is
needed for the diagnosis of GLH. RS is character-
ized by dorsal continuity of the cerebellar hemi-
spheres, agenesis, or hypogenesis of the vermis,
and fusion of the dentate nuclei and superior cere-
bellar peduncles.39 Recently, the absence of
trigeminal nerves and foramina rotunda bilaterally
has been shown in GLH, suggesting a possible
structural basis for trigeminal anesthesia.40
ENCEPHALOCRANIOCUTANEOUS
LIPOMATOSIS

Encephalocraniocutaneous lipomatosis (ECCL;
OMIM 613001) is a sporadic NCS characterized
by ocular anomalies, skin lesions, and CNS anom-
alies.41 The CNS anomalies in ECCL are most
likely caused by a mesenchymal and neural crest
defect affecting the tissue surrounding the brain
and the vessels.41

Typical findings include eye anomalies (mainly
choristomas) and skin lesions (nonscarring
alopecia, nevus psiloliparus, subcutaneous fatty
masses, nodular skin tags, or aplastic scalp
de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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Fig. 6. NCM. (A) Axial T1-weighted image demonstrates hyperintense signal in the anterior aspect of the pons
(arrow) and right mesial temporal lobe (arrowhead) consistent with NCM. Cerebellar hypoplasia is shown on
the left. (B) Axial T2-weighted image showing cerebellar hypoplasia on the left with volume loss in a normal-
sized posterior fossa.
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defects), which may be unilateral or bilateral.42

Children with ECCL may present with develop-
mental delay, intellectual disability, and/or sei-
zures. Neurodevelopmental delay is not related
to the severity of neuroimaging findings.

Neuroimaging plays an important role in identi-
fying the CNS anomalies. Posterior fossa involve-
ment in ECCL may include DWM, cerebellar
Fig. 7. GLH syndrome. (A) Axial and (B) coronal T2-weighted
ventricle, fusionof the cerebellar hemisphereswithout an in
and superior cerebellar peduncles. (C) 10-year-old girl with
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hypoplasia (Fig. 8A, B), arachnoid cysts, and
mega cisterna magna. The common CNS anoma-
lies include (1) intracranial lipomas (predominantly
cerebello-pontine angle in location) (Fig. 8C), (2)
spinal lipomas (Fig. 8D), (3) arachnoid cysts, (4)
intracranial vessel anomalies, (5) unilateral ventri-
culomegaly, and (6) widening of subarachnoid
spaces. Lipomas may be characterized by the
images showingRSwith keyhole appearanceof fourth
tervening vermis, aswell as fusionof thedentatenuclei
GLH syndrome showing alopecia in the left scalp.
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Fig. 8. ECCL. Axial and coronal T2-weighted images showing left cerebellar hypoplasia with prominent CSF space
subjacent to left cerebellar hemisphere. (A) Intracranial lipoma infiltrating the left petrous temporal bone
(arrow) and (B) scalp lesion (arrowhead). (C) Axial T1-weighted image demonstrates left cerebellar hypoplasia
and T1 bright lipoma (black arrow) infiltrating the left petrous temporal bone. (D) Sagittal T1-weighted image
of the cervical spine showing epidural location of intraspinal lipoma (arrow).

Bosemani et al426

Descargado para Anonymous User (n/a) en Asturias Ministry of Health de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Pediatric Neurocutaneous Syndromes 427
presence and suppression of fat signal on T1-
weighted with and without fat suppression,
respectively.

OCULOCEREBROCUTANEOUS SYNDROME

Oculocerebrocutaneous syndrome (OCCS; OMIM
164180), also known as Delleman Oorthuys syn-
drome is a rare sporadic NCS characterized by the
triad of eye, brain, and skin malformations.43 There
is a male preponderance. The cause is unknown.

The typical eye findings include orbital cyst,
microphthalmia or anophthalmia, and eyelid colo-
boma. Cutaneous lesions described in OCCS are
skin appendages, focal dermal hypoplasia or apla-
sia, punch-like defects, and crescent-shaped
hypoplasia.43

Neuroimaging demonstrates a forebrain malfor-
mation consisting of frontal predominant polymi-
crogyria; periventricular nodular heterotopia,
located beneath the polymicrogyria; complete or
partial agenesis of the corpus callosum, some-
times associated with interhemispheric cysts;
and supratentorial ventriculomegaly. Moog and
colleagues43 described a novel mid-hindbrain mal-
formation consisting of a giant dysplastic tectum
and absent vermis. The midbrain is angled more
forward than normal, leading to a short, horizontal
aqueduct, enlarging prematurely into the fourth
ventricle. The combination of a giant dysplastic
tectum and absent vermis is pathognomonic for
OCCS (Fig. 9). In addition, the cerebellar hemi-
spheres are hypoplastic with a dysplastic foliar
pattern. The absence of the vermis and cerebellar
hypoplasia leads to wide communication of the
fourth ventricle with a posterior fossa cerebrospi-
nal fluid (CSF) space.

EPIDERMAL NEVUS SYNDROME

Epidermal nevus syndrome (ENS) includes a
heterogeneous group of primary sporadic NCS
Fig. 9. OCCS. Sagittal, axial, and coronal T2-weighted imag
orbital cyst (arrowhead), and (C) absent vermis.
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characterized by the presence of epidermal nevi
that follow the lines of Blaschko and are associ-
ated with systemic involvement.44 ENS are neuro-
cristopathies due to defective neural crest
development. The incidence of ENS is unknown.

The principal manifestations of ENS are epi-
lepsy, developmental delay, intellectual disability,
and focal motor deficits. Hemimegalencephaly
(HME) is the primary cause of epilepsy in all forms
of ENS but often is unrecognized.44 HME is pre-
sent in more than 50% of children with ENSs and
neurologic symptoms. MR imaging is the neuroi-
maging tool of choice for evaluation of HME. The
typical MR imaging appearance of HME includes
a moderate to marked enlargement of the affected
cerebral hemisphere with midline shift, a thickened
cortex with broad gyri, shallow sulci and blurring of
the cortical-white matter junction, cortical thick-
ening, an increased volume and T2-hyperintense
signal of the white matter, and enlarged lateral
ventricle with straightening of the frontal horn
and/or unilateral colpocephaly.45 Ipsilateral
enlargement of the cerebellum and brain stem is
referred to as total HME (Fig. 10) and has been re-
ported in several cases of ENS.46
PTEN HAMARTOMA TUMOR SYNDROME

PTEN hamartoma tumor syndrome (PHTS) is an
autosomal dominant cancer-predisposition syn-
drome caused by mutations in the tumor suppres-
sor gene PTEN on chromosome 10q23.31.47

PHTS includes Cowden syndrome, Bannayan–
Riley–Ruvalcaba syndrome, Proteus syndrome,
and Proteus-like syndrome. These allelic disorders
are associated with unregulated cellular prolifera-
tion leading to the formation of hamartomas.
Children and adults with PHTS are at increased
risk for benign and malignant tumors of various or-
gans, including the thyroid, breast, endometrium,
skin, kidneys, CNS, and gastrointestinal tract.
es showing (A) giant dysplastic tectum (arrow), (B) left
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Fig. 10. ENS. (A, B) Coronal T2-weighted images demonstrate total HME with enlargement of the cerebral hemi-
sphere and ipsilateral cerebellar hemisphere. The enlarged cerebral hemisphere shows a thickened cortex with
broad gyri, shallow sulci with blurring of the cortical-white matter junction, and T2-hyperintense signal of the
white matter.
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Although most tumors occur only in adulthood, tu-
mors have been reported in children.47

Macrocephaly is a consistent finding. Intellec-
tual and developmental disability is a common
finding in children with PTEN mutations. A child
with developmental concerns, who exhibits any
finding of PHTS (eg, macrocephaly, pigmented
penile macules, lipomas, vascular malformations)
at any age should be suspected of having
PHTS.47

Lhermitte-Duclos disease (LDD) is a rare over-
growth of hamartoma arising from the cerebellar
cortex characterized by abnormal ganglion cells,
absence of Purkinje cells, and hypertrophy of
granular cell layer.48 LDD is commonly sporadic
but can also be familial if associated with Cowden
syndrome.49 LDD typically manifests during the
third and fourth decades of life but may also pre-
sent in childhood. Clinical manifestations of a pos-
terior fossa mass include headaches, cerebellar
ataxia, and perturbed vision.
Neuroimaging pattern of multifocal static white

matter abnormalities and dilated perivascular
spaces should suggest the possibility of a PHTS
in a child with macrocephaly and developmental
delay and/or autism spectrum disorder.50,51

Typical MR imaging findings of LDD are a
discrete stable, nonprogressive cerebellar mass
lesion with a striated corduroy or tiger-striped
folia pattern. The central T2-hyperintense and
T1-hypointense regions relative to gray matter
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correspond to the unmyelinated white matter,
widened granular cell layer, and the inner
portions of the dysplasticmolecular layer. The outer
T1- and T2-isointense to hypointense regions rela-
tive to gray matter correspond to the outer molecu-
lar layer and leptomeninges (Fig. 11).52 Expansion
of the cortex, infiltration of the brain stem, and a
space-occupying mass are typical imaging findings
of LDD. LDD typically does not show enhancement
postcontrast; however, several exceptional cases
have been reported.53
BASAL CELL NEVUS SYNDROME

Basal cell nevus syndrome (BCNS; OMIM
109400), also known as Gorlin-Goltz syndrome,
is an autosomal dominant disorder characterized
by multiple basal cell carcinomas, jaw cysts,
palmar or plantar pits, calcification of the falx cer-
ebri, and spine and rib anomalies.54 The estimated
prevalence of BCNS is 1 in 56,000 to 256,000.55

There is no gender or ethnic predilection. BCNS
originates from a heterozygous germline mutation
in the Patched homolog 1 is a transmembrane
glycoprotein that is encoded by the gene PTCH1
on chromosome 9q22 to 31 and serves as a tumor
suppressor of the sonic Hedgehog signaling
pathway.55

The clinical hallmarks of the disease include
multiple basal cell carcinomas of the skin, medul-
loblastoma, and odontogenic keratocysts (OKCs)
de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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Fig. 11. LDD. (A) Axial T2-and (B) axial T1 postcontrast images showing a left cerebellar hemisphere mass with a
striated corduroy or tiger-striped folia pattern. Striated pattern consists of central T2-hyperintense and
T1-hypointense regions as well as peripheral T1- and T2-isointense to hypointense regions relative to gray matter.
Mass effect on the fourth ventricle and no significant postcontrast enhancement is shown.
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of the oral cavity.56 Children with BCNS have a
predisposition for secondary tumors after expo-
sure to both ionizing and ultraviolet radiation.57

Medulloblastoma treatment usually includes radi-
ation therapy to the posterior fossa, and manage-
ment of OKCs keratocysts may require sequential
computed tomography (CT) imaging studies. It is
important to make a diagnosis of BCNS as early
as possible to avoid unnecessary exposures to
ionizing radiation.56

OKCs can be seen in the maxilla and mandible
of children. Initial diagnosis of OKC is typically
made on maxillofacial CT and follow-up examina-
tion with MR imaging is recommended due to the
sensitivity of BCNS children to ionizing radiation.
Osseous bridging of the sella turcica is rare in
the general population but represents an impor-
tant imaging clue for the diagnosis of BCNS. Mac-
rocephaly is often provided as part of the patients
clinical history as the indication for brain imaging.
Hence, in the context of macrocephaly, it is impor-
tant to evaluate for ectopic calcifications, bony
bridging of the sella, or other clinical features
compatible with BCNS.56

Medulloblastoma is frequently the first
manifestation of BCNS. The median age of
presentation in BCNS (2 years) is much earlier
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than in the sporadic presentation (6.9 years).
Desmoplastic medulloblastoma (DMB) variant
and medulloblastoma with extensive nodularity
(MBEN) are histologic variants associated with
BCNS.58,59 DMB is typically more laterally situ-
ated within the cerebellar hemispheres and is
frequently associated with meningeal enhance-
ment. DMB and MBEN are considered to have
favorable prognosis, an important consideration
when the diagnosis of BCNS coexists and radia-
tion therapy is omitted.56
COCKAYNE SYNDROME

Cockayne syndrome (OMIM 216400) is an auto-
somal recessive multisystem NCS characterized
by developmental delay, microcephaly, severe
growth failure, cutaneous photosensitivity,
dental decay, and pigmentary retinopathy.
Cockayne syndrome is caused by mutations in
ERCC6 (CSB) in 65% of patients and ERCC8
(CSA) in the remainder.60 The CSA and CSB pro-
teins are involved in nucleotide excision
repair, which is closely related to the basal tran-
scription machinery and preferentially targets
DNA lesions in actively transcribed genes.61

There is lack of recovery of RNA synthesis in
Health de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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cultured skin fibroblasts after ultraviolet irradia-
tion, which may explain the cutaneous
manifestations.
Cockayne syndrome is a progressive disorder

and there is a spectrum of symptom severity.
The cardinal neuroimaging features of Cockayne
syndrome include cerebral and cerebellar atrophy,
calcifications, and white matter anomalies
Fig. 12. 9-year-old girl with Cockayne syndrome. (A) Axial T
tense signal in the supratentorialwhitematter. (B) Axial SWI
(arrows) consistent with calcifications. (C) and (D) Sagittal T1
tively, showing progressive cerebellar atrophy. (FromWagn
imaging for calcification in Cockayne syndrome. J Pediatr 2
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(Fig. 12).61 Cerebral white matter loss and ventric-
ular dilation are the earliest signs on MR imaging.
Calcifications are typically bilateral and symmetric,
most frequently seen in the putamen. Progressive
cerebellar atrophy is a common feature and con-
tributes to the diagnosis. Dysmetria and action
tremor progress over time with progressive cere-
bellar atrophy.61
2-weighted image shows confluent abnormal hyperin-
image shows hypointense signal in bilateral globi pallidi
-weighted images at 9-years and 2-years of age, respec-
er MW, Poretti A, Wang T, et al. Susceptibility-weighted
014;165(2):416; with permission.)
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TRICHOTHIODYSTROPHY

Trichothiodystrophy (TTD) is a rare, autosomal
recessive NCS, characterized by brittle, sulfur-
deficient hair and multisystem abnormalities.62

TTD results from defective repair of nucleotide
errors in DNA. It is caused by mutations of XPD,
rarely of XPB, TTDA, andTTDN1; the latter 2 are
not associated with photosensitivity.63

Skin findings of photosensitivity and/or ichthyo-
sis were reported in 70% of these patients. Neuro-
logic abnormalities (86%) were frequently
reported, manifesting most commonly as develop-
mental delay, intellectual impairment, micro-
cephaly, impaired motor control, or psychomotor
retardation.62 Neurologic abnormalities seem to
be mainly related to impaired development and
maturation of the nervous system.64

The most common neuroimaging abnormalities
are white matter anomalies, cerebellar atrophy,
and ventriculomegaly (Fig. 13).62
COSTELLO SYNDROME

Costello syndrome (CoS; OMIM 218040) is an
autosomal dominant disorder caused by hetero-
zygous germline mutations in proto-oncogene
HRAS. Prolonged activation of the HRAS protein
Fig. 13. 14-year-old boy with TTD. (A) and (B) Axial T2-we
signal of the supratentorial white matter, ventriculomega
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results in dysregulation of the Ras/mitogen-
activated protein kinase pathway. Ras/mitogen
activated-protein kinase pathway determines
cell proliferation and differentiation, and its
dysregulation affects cardiac and brain
development.65

CoS can be diagnosed clinically in the older
child with a characteristic facial appearance of
curly or fine hair, prominent epicanthal folds, long
eyelashes, full nasal tip, fleshy ear lobes, and a
wide mouth with full lips.65 Infants demonstrate
hypotonia, irritability, developmental delay, and
nystagmus with delayed visual maturation
improving with age. Macrocephaly is a typical
finding and likely reflects brain overgrowth.66

Disproportionate cerebellar size due to brain
overgrowth and a normal-sized posterior fossa re-
sults in crowding of the posterior fossa. Gripp and
colleagues66 showed posterior fossa crowding
with cerebellar tonsillar herniation in 96% of sub-
jects and 59% of subjects with serial studies
showed progression of posterior fossa crowding.
Ventriculomegaly may be seen. Severely affected
individuals with cerebellar tonsillar herniation had
known complications of hydrocephalus requiring
shunt or ventriculostomy, Chiari 1 malformation,
and syrinx formation (Fig. 14).66 Neurologic symp-
toms secondary to cerebellar tonsillar herniation
ighted images show diffuse abnormal T2-hyperintense
ly, and cerebellar atrophy.
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Fig. 14. 6-year-old boy with CoS status post cervicomedullary decompression. (A) Sagittal T1-weighted image
shows inferior descent of the cerebellar tonsils, postsurgical changes associated with decompression, and a cer-
vical region syringohydromyelia (arrow). (B) Coronal T2-weighted image shows inferior descent of the cerebellar
tonsils (arrowhead).
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may be present and require neurosurgical poste-
rior fossa decompression.
SUMMARY

The cerebellum is affected in awidenumber ofNCS.
Neuroimaging plays an important role in the recog-
nition of cerebellar involvement. Accurate recogni-
tion and characterization of cerebellar involvement
in NCS allows the clinician to: (1) establish the diag-
nosis, (2) predict the prognosis, (3) support clinical
findings/diagnosis, and (4) determine its influence
on neurocognitive outcome.
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