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Abstract

Neurocutaneous syndromes, also known as phakomatoses, represent a diverse group of congenital disorders that encompass
abnormalities of neuroectodermal and, at times, mesodermal development, hence preferentially manifesting as malformations in the skin,
eye, and central nervous system (CNS).M In this article, we review the imaging features of the most common neurocutaneous syndromes.
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INTRODUCTION

Neurocutaneous syndromes, also known as phakomatoses,
representa diverse group of congenital disorders that encompass
abnormalities of neuroectodermal and, at times, mesodermal
development, hence preferentially manifesting as malformations
in the skin, eye, and central nervous system (CNS).!

While a lot of syndromes have been identified and placed
in this group, we review in this article the imaging findings
of intracranial manifestations of the most common
neurocutaneous syndromes, namely, neurofibromatosis 1
and 2, tuberous sclerosis, Sturge-Weber syndrome, and von
Hippel-Lindau disease. In this article, we briefly review the
imaging features of the commonly seen neurocutaneous
syndromes as knowledge of the manifestations is essential
not only in diagnosis but follow-up and care of patient.

NEUROFIBROMATOSIS TYPE-1 (NF1)

NF1, also known as von Recklinghausen disease, is the
most common of the neurocutaneous syndromes. NF1 is
inherited in an autosomal dominant fashion with variable
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pathological and clinical expression. Approximately half
of all cases result from spontaneous mutations of the NF1
gene located on chromosome 17q11.2. The disease affects
the brain, skull, orbits, spine, musculoskeletal system, and
skin/integumentaty system, although there is a significant
variability in the type and severity of clinical manifestations.”

Diagnosis of NF-1 requires presence of two or more
criteria [Table 1]%.

INTRACRANIAL FINDINGS IN NF-1

Optic pathway gliomas are the most common intracranial
manifestation. Majority of them are juvenile pilocytic
astrocytomas. They appear as either a focal mass on the
optic nerve or as a diffuse enlargement of along segment.
The mesencephalic tectum is the most common site of
glioma after the optic pathways.

Multiple waxing and waning dysplastic white matter lesions
on T2/FLAIR are identified commonly in NF-1. Common
locations are basal ganglia (globus pallidus), thalamus, cerebellar
peduncles and dentate nuclei, centrum semi-ovale, and brainstem.

Dural ectasia causing dilatation of optic nerve sheaths,
Meckel cave, or internal auditory canal may be present in
some cases.

Other presentations mightinclude sphenoid wing hypoplasia
[Figure 1] with subsequent pulsating exophthalmos,
arteriopathy causing progressive intimal fibrosis of
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Figure 1: A 16-year-old patient with NF-1. NECT head (bone
window) axial (a) and coronal (b) images demonstrate
dysplastic left-sided greater wing of sphenoid and enlarged left
middle cranial fossa and left orbital fissure with associated left-
sided exophthalmos

Table 1: Diagnostic criteria of neurofibromatosis
Type 18!

Clinical diagnosis of NF1 is established when two or more of the
following are present

1. Six or more cafe-au-lait macules with size over 5 mm in
prepubertal individuals and over 15 mm in post-pubertal
individuals.

2. Two or more neurofibromas of any type or one plexiform
neurofibroma

. Two or more Lisch nodules (iris hamartomas)
. Freckling in the axillary or inguinal region
. Optic nerve glioma

[N B V)

. One or more distinctive osseous lesions such as sphenoid
dysplasia and pseudoarthrosis

7. First-degree relative with NF1 by the above criteria

the supraclinoid internal carotid arteries (resulting in
moyamoya), and cranial nerve tumors (rarely).[*”!

NEUROFIBROMATOSIS TYPE-2 (NF2)

This is an autosomal dominant disorder caused by
mutations of the NF2 gene on chromosome 22q12. It is
characterized by multiple cranial, spinal, and cutaneous nerve
schwannomas, intracranial and intraspinal meningiomas, and
ependymomas [Figures 2 and 3]. The most common NF-
2-related schwannomas include vestibular schwannomas.
Non-vestibular schwannomas are seen in 50% of patients
and involve trigeminal and oculomotor nerve. The most
common sites for NF-2 associated meningiomas include
falx and cerebral convexities.!! Diagnostic critetia for NF-2
are elucidated in Table 219,

TUBEROUS SCLEROSIS

Tuberous sclerosis complex (TSC), also known as
Bourneville disease, is an autosomal dominant heritable

Figure 2: Neurofibromatosis 2. A 21-year-old girl with
progressive hearing loss and difficulty in speech and walking
with NF-2. T1W (a) and T2W (b) images show bilateral acoustic
schwannomas in CP angles. The mass appears hypointense on
T1 and heterogeneously hyperintense on T2, and shows avid
post-contrast enhancement on T1 C+ images (c). Sag post-
contrast images (d) show falcine meningiomas. (e) A cutaneous
schwannoma. (f) Multiple spinal nerve schwannomas arising from
bilateral spinal nerves of brachial plexus. (g) A heterogeneously
enhancing intramedullary lesion in cervical cord (ependymoma)
with polar cysts and an intraspinal meningioma in thoracic region
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Figure 3: Neurofibromatosis 2. (a) CEMRI brain axial images in
another patient with NF 2 with bilateral trigeminal schwannomas
in prepontine cisterns and Meckel’s cave. (b) The right-sided
sphenoid wing meningioma causing right-sided exophthalmos and
hyperostosis of the right greater wing of sphenoid, meningioma
along the right anterior temporal dura and a small posterior falcine
meningioma. (c) Anterior falcine meningioma in the left parasagittal
location and a cutaneous schwannoma in the left parietal scalp

Table 2: Diagnostic criteria of NF-2

—

. Bilateral vestibular schwannomas
2. A first-degree relative with NF2 AND
o Unilateral vestibular schwannoma OR
o ANY TWO of the following: meningioma, schwannoma, glioma,
neurofibroma, cataract in the form of posterior subcapsular
lenticular opacities or cortical wedge cataract
3. Unilateral vestibular schwannoma AND ANY TWO of the following:
meningioma, schwannoma, glioma, neurofibroma, cataract in the form
of posterior subcapsular lenticular opacities or cortical wedge cataract
4. Multiple meningiomas AND
o Unilateral vestibular schwannoma OR
o ANY TWO of the following: schwannoma, glioma,
neurofibroma, cataract in the form of posterior subcapsular
lenticular opacities or cortical wedge cataract

neurocutaneous disorder that is caused by mutations in
TSC1 and TSC2 tumor suppressor genes.

The classic clinical triad (i.e., Vogt triad) comprises seizures,
intellectual disability, and facial angiofibromas |Figure 4aand 5al;
however, this triad is seen in less than 50% of cases.”

Clinical diagnostic criteria of tuberous sclerosis involve
features mentioned in Table 3.

Common intracranial manifestations of tuberous sclerosis
involve cortical and subcortical tubers, white matter lesions,
subependymal nodules [Figure 4|, and subependymal giant
cell astrocytoma (SEGA).

Cortical tubers are T2 hyperintense and T1 hypointense
cortical subcortical nodules that may or may not
demonstrate calcification [Figure 5].

Figure 4: Tuberous sclerosis in a 14-year-old female
(a) demonstrates bilateral facial adenoma sebaceum. (b) NCCT
head axial scan shows calcified subependymal nodules in
bilateral lateral ventricles. Renal ultrasonography (c) shows
a hyperechoic lesion at mid-lower pole (angiomyolipoma)
and a cystic lesion (d) with internal bidirectional flow at
upper pole (aneurysm formation in angiomyolipoma).
(e and f) NCCT abdomen shows fat containing lesions in B/L
kidneys — angiomyolipomas. (g) Contrast-enhanced CT shows
an aneurysmal AML in the rt. kidney as seen on ultrasound

White matter heterotopia on MRI may appear as nodules,
cysts, and areas of gliosis (radial bands) extending from
ventricle to cerebral cortex that is T1 isointense or
hypointense and T2 hyperintense.

Subependymal tubers are seen as nodules along the
ependymal surface of lateral ventricles with or without
dense calcification [Figure 4b and c and 5f]. SEGAs are
similar to subependymal nodules but larger and with more
avid enhancement, seen often near the foramen of Monro,
and may cause obstructive hydrocephalus.”’!
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Table 3: Clinical diagnostic criteria of tuberous
sclerosis

Major features
1. Hypomelanotic macules (23, at least 5 mm diameter)
. Angiofibromas (=3) or fibrous cephalic plaque
. Ungual fibromas (22)
. Shagreen patch
. Multiple retinal hamartomas
. Cortical dysplasias
. Subependymal nodules
. Subependymal giant cell astrocytoma
9. Cardiac rhabdomyoma
10. Lymphangioleiomyomatosis (LAM)
11. Angiomyolipomas (22)
Minor features

0 N o g b~ ODN

1. “Confetti” skin lesions

2. Dental enamel pits (>3)

3. Intraoral fibromas (22)

4. Retinal achromic patch

5. Multiple renal cysts

6. Non-renal hamartomas
Definite diagnosis: Two major features or one major feature with 22
minor features
Possible diagnosis: Either one major feature or 22 minor
features

Renal involvement of TS includes renal angiomyolipoma
(AML), renal cysts, and renal cell carcinoma |Figure 4d-g].
Renal AML is one of the common manifestations, with a
frequency of 55-75% in patients with TS (7) conversely,
approximately 20% of patients with AML have TS. The
second most common renal manifestation of TS is renal
cysts. In contrast to renal AMLs, renal cysts occur in
younger children and can result in subsequent renal failure
and hypertension.”

STURGE-WEBER SYNDROME

Sturge-Weber syndrome, also known as encephalotrigeminal
angiomatosis, is one of few neurocutaneous syndrome that
is sporadic; not familial and not inherited.

Its hallmarks are variable combinations ofl —

e (Capillary malformation of skin (port wine stain) in the
distribution of trigeminal nerve [Figure 6a]

e Retinal choroidal angioma (with or without
glaucoma)

® Cerebral capillary-venous leptomeningeal angioma
[Figure 6b-f and 7a and b].

The major pathological abnormality in Sturge-Weber
disease is a meningeal tangle of vessels, commonly referred

Figure 5: A 33-year-old male with tuberous sclerosis. The
patient had facial adenoma sebaceum (a) and multiple
periungual fibromas (b). (c) MRI brain T2W image shows
presence of multiple T2 hyperintense cortical tubers.

(d and e) MRI brain T2W image shows presence of white matter
heterotopias extending from ventricles to cortex. (f) Small
subependymal nodules can be noted in bilateral lateral
ventricles

to as an angioma, which is usually confined to the pia mater.
Contrast-enhanced MR is the single most accurate imaging
for showing the extent of pial angioma. On a post-contrast
MR image, angiomas appear as an area of enhancementin
subarachnoid space covering the surfaces of gyri, filling in
the cortical sulci.

The choroid plexus is frequently enlarged in patients
with SWS, which is proportional to the extent of the
leptomeningeal angioma on the same side.

Cortical calcifications in SWS occur in areas of the brain
adjacent to the angioma [Figure 6c and d and 7a and b.

They can be depicted on CT and susceptibility-weighted
imaging (SWI) or T*-weighted gradient echo images.

The affected hemisphere undergoes progressive
atrophy.[")
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VON HIPPEL-LINDAU (VHL) DISEASE

VHL disease is a rare, autosomal dominantly
inherited multisystem disorder characterized by the

e = g f . el
Figure 6: A 6-month-old child with Sturge-Weber syndrome. The child
had facial port-wine stain (a). (b) Axial TTW MR image demonstrates
right-sided cerebral hemiatrophy. (c and d) Gyral calcifications
in parieto-occipito-temporal region are seen as tram-track
hypointensities on SWI. (e and f) Post-contrast axial T1W images
demonstrate gyral enhancement along the right cerebral convexities

o

Figure 7: A 4-year-old female child with Sturge-Weber
syndrome had a history of convulsions. Axial CT (a and b)
shows left-sided cerebral hemiatrophy with gyral calcifications
and associated enlargement of ipsilateral choroid plexus

development of a variety of benign and malignant
tumors.

The spectrum of clinical manifestations of the disease is
broad and includes retinal and CNS hemangioblastomas,
endolymphatic sac tumors, renal cysts and tumors,
pancreatic cysts and tumors, pheochromocytomas, and
epididymal cystadenomas.

Diagnostic criteria are given in Table 4.

CNS hemangioblastoma is one of the most common
manifestations of VHL disease. Typical sites are the
cerebellum (44-72%), spinal cord (13—-59%), and medulla
(5%) (11). Supratentorial lesions are less common.
They may be solid, cystic, hemorrhagic, or mixed. They
are often cystic with a solid enhancing mural nodule
[Figure 8]. Spinal cord lesions may be associated with a
Syrinx.

Endolymphatic sac tumors occur sporadically, but an
association with VHL disease has been reported rarely.
They are located in the posterior part of the petrous
temporal bone and cause local bone destruction as well as
new bone formation.>!"!

Table 4: Diagnostic criteria of VHL

1. More than 1 CNS hemangioblastoma

2. One CNS hemangioblastoma and visceral manifestations of VHL
disease

3. Any manifestation and a known family history of VHL disease

Figure 8: A right cerebellar hemangioblastoma in an adult
with VHL - a cyst with an enhancing eccentric mural
nodule
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CONCLUSION

About 30 or more syndromes are included in the list
of phakomatoses but the common ones which are
encountered in day to day practice have been reviewed
here. Imaging plays an important role in early identification
of abnormalities , complications, diagnosis, follow up and
prognostication in known cases of such syndromes.
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