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A B S T R A C T

Phakomatoses, or neurocutaneous syndromes, are a heterogeneous group of rare genetic disorders that predominantly affect structures arising from the embry-
onic ectoderm, namely the skin, eye globe, retina, tooth enamel, and central nervous system. Other organs are also involved in some syndromes, mainly cardio-
vascular, pulmonary, renal, and musculoskeletal systems. Currently, more than sixty distinct entities belonging to this category have been described in the
literature. Common phakomatoses include conditions like Neurofibromatosis and Tuberous sclerosis. Several review papers have focused on various aspects of
these common conditions, including clinical presentation, genetic and molecular basis, and neuroimaging features. In this review, we focus on rare neurocutane-
ous syndromes: Melanophakomatoses (Ie, Neurocutaneous Melanosis, and Incontinentia Pigmenti), Vascular Phakomatoses (Ie, Ataxia Telangiectasia and PHACE
Syndrome), and other conditions such as Cowden Syndrome, Basal Nevus Syndrome, Schwannomatosis, Progressive Facial Hemiatrophy, Gomez-Lopez-Hernan-
dez Syndrome, Wyburn-Mason Syndrome, CHILD Syndrome, and Proteus Syndrome. We also review the neuroradiologic manifestations of these conditions as a
guide for neurologists and neuroradiologists in their daily practice.
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Introduction

The phakomatoses, or neurocutaneous syndromes, are a hetero-
geneous group of disorders characterized by multiple congenital
anomalies affecting the eye, skin, and central nervous systems
(CNS).1 Other organ systems can be affected, including cardiovascu-
lar, pulmonary, renal, and musculoskeletal systems. The most fre-
quently discussed phakomatoses like neurofibromatosis type 1 (NF-
1) and type 2 (NF-2), tuberous sclerosis, Sturge-weber, and von Hip-
pel-Lindau syndrome have received significant attention in the medi-
cal literature with several recent reviews.2 However, we identified a
group of uncommon phakomatoses that have received less attention
and can challenge physicians unfamiliar with their imaging manifes-
tations. With the recent advancements in genetic and molecular diag-
nostic tools and neuroimaging modalities, more than 60
neurocutaneous conditions with various phenotypes have been
reported.1,3 A recent review proposed a new classification system
that divides phakomatoses into 6 subgroups based on clinical pheno-
type.1 These subgroups are: (1) predisposing to the development of
tumors (Ie, neurofibromatosis, tuberous sclerosis, schwannomatosis,
and Cowden syndrome); (2) with vascular malformations (Ie, Sturge-
weber and Klippel-Trenaunay-Weber syndromes, Hereditary Hemor-
rhagic Telangiectasia, Wyburn-Mason syndrome, and Blue rubber
bleb syndrome); (3) with vascular tumors (Ie, Von Hippel-Lindau syn-
drome, and PHACE syndrome); (4) with pigmentary/connective tissue
mosaicism (Eg, Hypomelanosis of Ito, Incontinentia pigmenti, and
Neurocutaneous melanosis); (5) with dermal dysplasia (Eg, cerebello-
trigeminal dermal dysplasia); and (6) with twin spotting or similar
phenomena (Eg, phacomatosis pigmentovascularis).

Imaging studies are essential in evaluating phakomatoses and screen-
ing children presenting with suspicious skin or eye manifestations, espe-
cially magnetic resonance imaging (MRI). The goal of this paper is not an
exhaustive review of neurocutaneous disorders, rather a summary of rel-
evant clinical and neuroradiologic features of selected rare entities; those
we felt would be high yield to neurologists and neuroradiologists given
they are underrepresented in the literature.
Melanophakomatoses

Neurocutaneous Melanosis

Neurocutaneous Melanosis (NM; MIM # 249400) is a congenital
disorder characterized by a combination of large or multiple
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pigmented proliferations in the skin present at birth (congenital mel-
anocytic nevi or CMN) plus benign or malignant tumors of the lepto-
meninges with CNS involvement.4 The Congenital Melanocytic Nevi
(CMN) frequency is about 1 in 20,000 to 500,000 live births with a
female to male ratio of around 3:2.5,6

Genetics: NM has a sporadic pattern of inheritance. Kinsler et al.
conducted a genetic analysis on 55 samples from 15 patients with
CMN and suggested that CMN and neuromelanosis are caused by
somatic mosaicism for NRAS gene mutations in neuroectodermal pro-
genitor cells.7 However, 3 of the original 15 patients did not exhibit
NRAS mutation, suggesting an alternative, yet unknown, genetic
cause. The authors also showed that loss of heterozygosity is associ-
ated with the timing of progression to malignancy, suggesting a mul-
tistep model of transformation.7 NRAS gene, located on Chromosome
1p13.2, encodes for neuroblastoma RAS viral oncogene homologue
(NRAS) protein, and abnormal NRAS protein inactivates cellular RAS
signaling pathway.

Clinical presentation: NM diagnosis is based on clinical criteria
with more than three congenital skin nevi OR giant congenital nevus
(> 20 cm in adults; > 9 cm if infant head; or > 6 cm, if infant trunk)
and imaging findings of meningeal or CNS melanosis. The primary
manifestations in most patients are CMN and proliferation of melano-
cytes in meninges and brain parenchyma. Giant CMNs are associated
with an increased risk of the development of melanoma. Although
most patients with CNS involvement are asymptomatic, some
patients present with hydrocephalus and seizures (which may result
from intracranial bleeding or impaired cerebrospinal fluid circula-
tion) and cranial nerve dysfunction.8 Helpful screening tools include
MRI with gadolinium contrast enhancement and CSF cytology.
FIG 1. A 22-year-old patient with neurocutaneous melanosis. (A) Cartoon depicting cutan
deposit in the amygdala bilaterally (black arrows). (C) Axial T1WI non-contrast MRI shows
demonstrates abnormal posterior fossa with cerebellar atrophy, cerebellar dysplasia (black a
shows extensive leptomeningeal enhancement consistent with more diffuse meningeal invo

Descargado para Anonymous User (n/a) en Asturias Ministry of H
personal exclusivamente. No se permiten otros usos sin autorizació
Neuroimaging: The 2 most common imaging findings are pachy-
meningeal and leptomeningeal melanosis.9 Melanin is bright on T1
weighted MRI. Therefore, the presence of parenchymal, pachymenin-
geal, or leptomeningeal foci showing intrinsic T1 shortening is very
suggestive of melanosis. The amygdalae are the most common loca-
tions for parenchymal melanocytic deposits. Less common sites
include the brainstem, cerebellum, cerebral cortex, or thalamus. Lep-
tomeningeal melanosis is more commonly distributed anteriorly and
ventrally. Although these lesions are seen on T1 as hyperintensities,
post-contrast MRI scans better show the extent of the melanosis with
superimposed contrast enhancement. NM could also progress to
malignant melanoma, which is a frequent cause of mortality in these
patients. Among the differential diagnoses, primary CNS melanoma
also develops in the leptomeninges and may present as leptomenin-
geal melanosis. Posterior fossa structural abnormalities are common,
affecting about 10% of NM, most commonly as Dandy-Walker malfor-
mation,10 followed by hydrocephalus.11 Other manifestations include
structural abnormalities of the cerebellum (like posterior fossa cysts),
defects of the vertebrae or skull, and intraspinal lipomas.12 Spinal
involvement (Eg, syringomyelia or arachnoiditis) is seen in about 20%
of the patients. An example of these findings is presented in Figure 1.

Incontinentia Pigmenti

Incontinentia pigmenti (IP; MIM #308300), also known as Bloch-
Siemens-Sulzberger syndrome, is a rare X-linked disorder that affects
the skin, hair, teeth, nails, eyes, and CNS. IP is usually lethal prenatally
in males. IP primarily affects the skin with characteristic blistering
extremity rash in infants that progresses to wart-like growths in
eous melanocytic nevi; (B) Axial T1WI non-contrast MRI demonstrating melanocytic
melanocytic deposits along the meninges at the vertex (black arrows); (D) Axial T2WI
rrow), and large CSF spaces/arachnoid cyst (white arrow). (E) Axial post-contrast T1WI
lvement. (Color version of figure is available online.)
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children and swirled hyperpigmentation, and finally hypopigmenta-
tion. Histologically, melanin deposits are seen in the skin dermis, and
the designated name “Incontinentia pigmenti” was based on the idea
that the basal layer of the epidermis is 'incontinent' of melanin. Inter-
estingly, skin lesions follow the so-called Blaschko lines, a distribu-
tion pattern that is a product of genetic mosaicism in the skin or
mucosa and is common to several X-linked conditions. These lines
trace the migration of embryonic cells and are generally distinct from
the developmental margins formed by nervous, muscular, and lym-
phatic tissues.13 Frequency of this condition is about 1 in 100,000-
500,000 individuals.14

Genetics: IP is inherited in an X-linked dominant manner and
caused by mutations in IKBKG/NEMO gene.15 This gene encodes
NEMO/IKKg protein, which is required to activate the transcription
factor nuclear factor�kappa B (NF�kB), protecting cells against TNF-
a induced apoptosis. In most cases, loss-of-function mutations are
detected.16 Lack of this apoptosis inhibiting protein leads to abnormal
cell death. About two-thirds of individuals have a de novo mutation.
Genetic mutations are lethal in males, but some case studies report
genetic mosaicism.17 The IP diagnosis is based on clinical findings
and can be confirmed by molecular genetic testing of the IKBKG gene.

Clinical presentation: In addition to skin involvement, other clini-
cal signs of IP include alopecia, developmental absence of one or
more teeth, abnormal tooth shape, and dystrophic nails. Neovascula-
rization of the retina, present in some individuals, predisposes to reti-
nal detachment.18 Neurologic findings, including cognitive delays/
intellectual disability, learning disability, and seizures, are occasion-
ally seen.19

Neuroimaging: MRI is recommended in the assessment of new-
born infants with IP. The role of imaging is to explain neurological
deficits and as a secondary method to confirm the clinical suspicion.
Imaging findings are only present in patients with neurologic disease
FIG 2. A 6-year-old patient with Incontinentia Pigmenti. (A) sagittal 3D FLAIR demonstrates
vessel ischemic changes associated with Incontinentia Pigmenti. (B) axial 3D FLAIR shows
small vessel ischemic changes associated with Incontinentia Pigmenti. (C-F) Axial DWI ima
(black arrows) consistent with multiple territories of infarcts (ADC map not shown).
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associated with cutaneous lesions.20 IP patients show signs of white
matter abnormalities, multi-territorial infarcts, and small and
medium vessel angiopathy. The majority of white matter lesions are
oriented perpendicular to the corpus callosum, and hypoplasia of the
corpus callosum is a common finding as well.20 Diffusion-weighted
imaging might show restricted diffusion in deep and subcortical
white matter, thalami, basal ganglia, and cerebellum, indicating acute
infarcts.19 Magnetic resonance spectroscopy (MRS) might show met-
abolic changes in these infarct regions and the adjacent parenchyma,
suggestive of glial proliferation and neuronal loss.21,22 The underlying
mechanisms of these imaging findings are unknown. Examples of the
neuroradiological conclusions in IP are shown in Figure 2.
Vascular Phakomatoses

Ataxia Telangiectasia

Ataxia Telangiectasia (AT; MIM #208900), also known as Louis-Bar
syndrome, is an autosomal recessive disorder that affects CNS, skin, eyes,
and immune system. Specifically, AT is characterized by cerebellar ataxia,
oculocutaneous telangiectasias, immune defects, and increased risk for
malignancy. This rare genetic disease has an incidence of 1 in 40,000 to
100,000 individuals worldwide, and in the United States, about 1% of the
population is a carrier of ATM genemutation.23

Genetics: AT is caused by either homozygous or compound het-
erozygous mutation in the ATM gene. ATM gene is located on chromo-
some 11q22.3. ATM protein is involved in multiple cellular functions,
particularly DNA repair and cell cycle control.24 Cells with ATM gene
mutations are susceptible to damage by ionizing radiation. Purkinje
cells and granular cells of the cerebellar cortex are particularly sensi-
tive, leading to prominent cerebellar atrophy.25
multiple hyperintense white matter lesions (black arrows) reflective of chronic small
multiple FLAIR hyperintense white matter lesions (black arrows) reflective of chronic
ges from cranial (C) to caudal (F) demonstrate multifocal areas of DWI hyperintensity
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FIG 3. A 28-year-old patient with Ataxia Telangiectasia. (A) Cartoon depicting globe telangiectasia, a common finding in patients with Ataxia telangiectasia; (B) Axial T2WI at the
level of the posterior fossa demonstrating extensive parenchymal volume loss advanced for age; (C) Axial SWI image demonstrates vast hemosiderin deposits (black arrows) reflec-
tive of telangiectasias/microhemorrhages. Also, a parenchymal hemorrhage appears as a fluid/blood level cystic lesion (red arrow), likely secondary to capillaries leak. (D) Axial
FLAIR shows the parenchymal hemorrhage as a fluid collection (white arrow), likely secondary to capillaries leak, with confluent white matter hyperintensities thought to represent
(but not confirmed) possible demyelination. (E) Axial post-contrast T1WI demonstrates foci of enhancement (black arrows) and thin rim enhancement (white arrow) surrounding
the fluid collection that is likely secondary to telangiectasia and capillaries leak. (Color version of figure is available online.)
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Clinical presentation: AT is a childhood-onset disease with symp-
toms seen as early as the first year of life. Motor neurologic symp-
toms start with gross motor skills and speech deterioration, followed
by fine motor skills and eye coordination. Telangiectasias usually
involve the eyes/conjunctiva, skin, and, less frequently, the brain.26

AT patients also suffer from increased sensitivity to ionizing radia-
tion, which increases the risk for neoplasms (Eg, leukemia). Diagnosis
is established by genetic testing, but elevated a-fetoprotein levels
(AFP) and CA-125 in regular lab workouts are suggestive of this con-
dition.

Neuroimaging: In children, the most prominent imaging find-
ing is cerebellar atrophy.26 Cerebellar atrophy does not become
apparent until 6 years of age. Pediatric AT patients often have no
supratentorial findings. In contrast, adult patients tend to have
telangiectasias, microhemorrhages, and occasionally space-occu-
pying fluid collection, likely due to capillary leaks and cysts with
peripheral or internal blood products.26 AT patients over the age
of 20 may develop extensive white matter T2/FLAIR signal abnor-
malities.27 Both focal hemosiderin depositions and space-occupy-
ing lesions demonstrate surrounding enhancement, owing to
prominent telangiectasias and increased capillary permeability.
Susceptibility-weighted imaging commonly shows hypointense
cerebral lesions that are supratentorial and predominantly
lobar.28 MRS shows signal abnormalities in the cerebellum of
adults with AT that could be used to differentiate early stages of
AT from other forms of ataxia and provide a marker for treatment
efficacy monitoring.29,30 An example of these findings is pre-
sented in Figure 3.
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PHACE Syndrome

PHACE syndrome (MIM #606519) is a rare neurocutaneous disorder
that usually involves dermatological, neurological, cardiovascular, and
ocular abnormalities. PHACE acronym is based on the association of pos-
terior fossa malformations, large facial hemangiomas, cerebral arterial
anomalies, cardiovascular anomalies, and eye anomalies.31 PHACE(S)
acronym is considered in the presence of ventral developmental abnor-
malities like sternal clefting or supraumbilical abdominal raphe.32 While
the overall incidence of PHACE syndrome is unknown, infantile heman-
giomas have an estimated incidence of 4%-5% in all live births.33 Also, a
high female predominance was reported in PHACE patients.34

Genetics: The etiology of PHACE syndrome is not known. How-
ever, the high female predominance was suggestive of a potential X-
linked dominant mutation with potential lethality in males.32

Clinical presentation: The hallmark of PHACE is the characteristic
infantile facial hemangioma, typically segmental and large.32 While
the capillary malformations of Sturge�Weber syndrome are always
conspicuous at birth and never regresses, PHACE infantile hemangio-
mas may not be visible at birth, usually demonstrating a rapid growth
phase during the neonatal period, and tend to regress. Facial heman-
giomas in PHACE do not follow a dermatomal distribution.35 How-
ever, these hemangiomas can occur in one or more segmental
patterns, unilaterally or bilaterally.32 PHACE diagnosis is made when
there is a segmental hemangioma or a facial or scalp hemangioma
larger than 5 cm, plus two minor criteria or one major criterion.32

Bayer et al. reported that 41% of 150 PHACE cases had cardiac, aortic
arch, or brachiocephalic anomalies.36 A spectrum of ophthalmologic
ealth de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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FIG 4. PHACE Syndrome. A cartoon depicting segmental hemangiomas segments (Segment 1, Frontotemporal; Segment 2, Maxillary Segment; 3, Mandibular Segment; 4, Fronto-
nasal). (B-E): A 2-month old with segmental hemangioma and PHACE(s) syndrome. (B) Axial nonfat saturated post-contrast T1WI shows a left S1 segmental hemangioma (white
arrows). (C) Coronal fat-saturated post-contrast T1WI shows S1 segmental hemangioma involving the orbit (white arrows). (D) Axial nonfat saturated post-contrast T1WI at the
level of the suprahyoid neck shows a left-sided suprahyoid extension of the segmental hemangioma (black arrows). (E) Axial T1WI shows associated posterior fossa anomaly with
hypoplastic left cerebellar hemisphere. 6(F-G): An 8-year-old with PHACE(S) syndrome. (F) Coronal neck MRA time-of-flight MIP demonstrates an absence of right cervical internal
carotid artery and vertebral artery. Arrows depict the common carotid artery and external carotid artery. (F) Axial MRA time-of-flight MIP shows absent right internal carotid artery
with a robust supply of the right anterior and middle cerebral arteries from collateral circulation. (Color version of figure is available online.)
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abnormalities affecting anterior and posterior segments of the eye
has been reported as well.32

Neuroimaging: Posterior fossa abnormalities in PHACE includes
focal cerebellar lesions, cerebellar hypoplasia, posterior fossa arach-
noid cysts, and Dandy-Walker complex.32,37 The prevalence of poste-
rior fossa abnormalities ranges between 30 and 81%.31,32,38 The focal
unilateral cerebral/cerebellar lesions tend to occur on the same side
as the cutaneous hemangioma.32 Less commonly, cerebral lesions
include cerebral dysplasia, midline anomalies, and neuronal migra-
tion abnormalities (pachygyria, polymicrogyria, and heterotopic gray
matter).32,39-41 Associated midline defects include corpus callosum
absence and pituitary lesions.31,36 Cerebral vasculopathy of PHACE
syndrome includes arterial anomalies and rare reports of venous
abnormalities.32,41 Primary arterial abnormalities can help distin-
guish PHACE from Sturge�Weber syndrome.38 Common arterial
abnormalities are arterial dysplasia (kinking, coiling, elongation),
aneurysmal enlargement, arterial hypoplasia, agenesis, and non-con-
genital arterial stenosis/occlusion (Fig 4).32 Besides, progressive arte-
riopathy and moyamoya-like vasculopathy were also reported in
some patients.32,42 Following the early appearance of facial hemangi-
oma, neuroimaging detects regions of contrast enhancement that
might overlie the hypoplastic cerebral or cerebellar areas.43 There-
fore, incorporating MRI sequences with gadolinium contrast demon-
strates hemangioma intraorbital extension and enhancement, with
delineation of dysplastic cerebral regions and the overlying pial
enhancement.

Other Phakomatoses

Cowden Syndrome

Cowden syndrome (CS; MIM #158350), also called multiple
hamartoma syndrome, is an autosomal dominant disorder character-
ized by multiple benign tumor growths (hamartomas) and increased
risk of various malignancies, for example, breast, gastrointestinal,
endometrial, and thyroid cancers. CS is very rare, with an incidence
of approximately 1 in 200,000.44

Genetics: CS is caused by various mutations in a tumor suppressor
gene called PTEN located on chromosome 10q22-23.45 PTEN
Descargado para Anonymous User (n/a) en Asturias Ministry of Healt
personal exclusivamente. No se permiten otros usos sin autorización. C
negatively regulates the PI3K/Akt/mTOR pathway, and loss of func-
tion of this protein promotes cell survival, growth, and migration.
Other genes have also been implicated, including KLLN, SDHB, SDHC,
SDHD, PIK3CA, and AKT1. Diagnosis is suggested by clinical criteria
and confirmed by genetic testing. Lhermitte Duclos disease is charac-
terized by dysplastic gangliocytoma of the cerebellum.46 The term
“COLD syndrome” describes the association of Cowden syndrome
plus Lhermitte�Duclos disease.

Clinical presentation: CS patients present with a combination of
major criteria (skin lesions, breast, endometrial, and thyroid cancer,
GI hamartomas, dysplastic gangliocytoma of the cerebellum, or mac-
rocephaly), and minor criteria (renal cell carcinoma, colon cancer,
thyroid goiter or cancer, esophageal glycogenic acanthosis, vascular
anomalies, lipomas, mental retardation, or testicular lipomatosis) in
patients with or without known PTEN mutations.47 Skin findings
such as papular facial trichilemmomas are seen nearly in all patients
and appear in the second decade of life. Mild macrocephaly presents
in over 90% of the cases. Additionally, CS patients suffer from an
increased risk of several types of cancer, most commonly breast and
thyroid.

Neuroimaging: Brain imaging findings in CS patients include: (1)
dysplastic gangliocytoma of the cerebellum, also known as Lher-
mitte-Duclos, seen in up to 50% of the patients; (2) Vascular malfor-
mations; (3) meningiomas (with variable frequency); and (4)
increased white matter signal abnormalities and prominent perivas-
cular spaces.48 Lhermitte-Duclos lesions are characterized by a pat-
tern of alternating hyper and hypointense bands (widened striated
cerebellar folia, so-called tigroid appearance), with variable enhance-
ment (Fig 5). Despite these lesions being hamartomas, they are classi-
fied as WHO grade I and can occasionally cause mass effect or
obstructive hydrocephalus. These lesions could also present without
other findings of CS and are well-known for post-resection recur-
rence. Although meningiomas are not hamartomatous and are not
one of the CS criteria, some studies have reported increased preva-
lence in CS patients. One case series of 44 patients reporting 18%
prevalence.48 The genetic causes are unclear, with possible involve-
ment of the PTEN/AKT/PI3K pathway.49 Multiple developmental
venous anomalies are observed in 30%-60%.48 Other vascular anoma-
lies include cavernous malformations (with and without DVAs) and
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FIG 5. (5A-C) A 69-year-old with confirmed Cowden syndrome. (A) Axial FLAIR demonstrates a hyperintense lesion within the right cerebellar hemisphere (black arrow) most sug-
gestive of a small dysplastic cerebellar gangliocytoma (Lhermitte-Duclos syndrome). (B) Axial post-contrast nonfat saturated T1WI shows a developmental venous anomaly (black
arrow). (C) Axial post-contrast T1WI demonstrates a frontal meningioma (black arrow). (D-F) A 48-year-old patient Cowden-Lhermitte-Duclos (COLD) syndrome: (D) Axial T1WI
shows a disorganized lesion with classical striated/tigroid appearance in the left cerebellar hemisphere (black arrow) consistent with Lhermitte-Duclos syndrome. (E) axial post-
contrast T1WI demonstrate a similar appearance without evidence of significant enhancement. (F) Axial T2WI shows the lesion's classical striated appearance as it extends to
involve the vermis and cause mass effect on the midbrain and cerebral aqueduct.
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dural arteriovenous fistula. MRS could be used to confirm the benign
hamartomatous nature of the Lhermitte-Duclos lesion by showing
increased lactate level, decreased myo-inositol and N-acetyl-aspar-
tate levels and decreased or normal choline level.50,51
Basal Nevus Syndrome

Basal Nevus syndrome (BNS; MIM #109400), also known as Gor-
lin�Goltz syndrome, or Nevoid Basal Cell Carcinoma Syndrome, is an
autosomal dominant disease characterized by multiple basal cell car-
cinomas, skeletal abnormalities, jaw cysts, ectopic calcifications, and
plantar or palmar pits.52 BNS is a rare condition that affects 1 in
31,000 to 1 in 1,64,000 individuals. Conversely, less than 1% of those
with basal cell carcinoma have BNS.

Genetics: BNS is most commonly caused by mutations in the
PTCH1 gene located on chromosome 9q22, which encodes for PTCH
protein, a receptor for hedgehog protein in the SHH signaling path-
way.53 A two-hit model affecting the two PTCH1 alleles has been pro-
posed to explain BNS development. Additional mutations in the SUFU
gene, located on chromosome 10q24-q25, and the PTCH2 gene,
located on chromosome 1p32, have also been described.

Clinical presentation: BNS patients usually present with basal cell
carcinoma (BCC) on the face and trunk, which appears after puberty.
Odontogenic keratocysts (OK, previously known as keratocystic
odontogenic tumors) are also present. Additionally, patients suffer
from an increased predisposition to other neoplasms. BNS diagnosis
is based on clinical criteria54: major criteria (>2 BCC or BCC before
20 years, odontogenic keratocyst of the jaw, >3 cutaneous palmar or
plantar pits, falcine calcification, rib anomalies, and affected 1st-
degree relative) and minor criteria (childhood medulloblastoma,
macrocephaly, orofacial malformation, skeletal anomalies, or ovarian
or cardiac fibromas). Two major or one major plus two minor criteria
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suggest BNS diagnosis. Imaging workup should include neuroimaging
and radiographs of chest, hands, and feet to evaluate for dysplasia.

Neuroimaging: The most common imaging finding in BNS is calci-
fication of the falx cerebri apparent in CT scans. A case series of 82
patients shows that this finding is present in 80% of individuals older
than 20 years.55 Less frequently, calcification of the tentorium cere-
bellum, bridging of the sella, and abnormal frontal sinus aeration are
also described in affected individuals.55 Medulloblastoma in BNS is
described as a solid and cystic mass in the posterior fossa. Head CT
and MRI can also show OKs. OKs are benign cystic, usually multiple
lesions involving the mandible or maxilla. These lesions are locally
aggressive, with a high rate of recurrence after excision. On CT, OKs
appear as expansile, cystic lesions with scalloped well-corticated bor-
ders, while on T1 MRI shows a high signal due to cholesterol and ker-
atin content. Finally, imaging could also show asymmetric or dilated
ventricles, cerebral atrophy, cavum septum pellucidum, dysgenesis,
or agenesis of corpus callosum and meningiomas.55 Examples of
these imaging findings are presented in Figure 6.

Schwannomatosis

Schwannomatosis (MIM # 615670), also called Neurofibromatosis
type 3 or congenital neurilemmomatosis, is an adult-onset disorder
characterized by multiple schwannomas in various parts of the
body.56 This condition is very similar to NF-2 except for vestibular
schwannomas (almost pathognomonic for NF-2), gliomas, or other
lesions present with NF-2 and absent in schwannomatosis. It has a
frequency of 1 in 40,000 to 1.7 million worldwide, with a peak inci-
dence between the ages of 30 - 60 years.

Genetics: Schwannomatosis is primarily sporadic, but 15%-25% of
conditions are inherited as autosomal dominant with incomplete
penetrance.56 Some cases are characterized by loss-of-function muta-
tions in the SMARCB1 gene (Schwannomatosis type 1) or LZTR1 gene,
ealth de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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FIG 6. (A-D) A 8-year-old patient with Basal Nevus Syndrome. (A) Sagittal bone window non-contrast CT shows extensive lamellar calcifications of the falx cerebri (black arrows).
(B) Axial FLAIR demonstrates a large posterior fossa solid and cystic mass confirmed to be medulloblastoma on resection. (C) Axial post-contrast T1WI shows faint foci of enhance-
ment within the lesion black (black arrows). (D) Axial post-contrast nonfat saturated T1WI demonstrates a cyst within the maxilla (white arrow) consistent with an odontogenic
keratocyst. (E-H) A 20-year-old patient with Basal nevus syndrome. (E) Coronal CT bone window demonstrates multiple mandibular cystic lesions (black arrows) consistent with
Odontogenic Keratocysts. (F) 3D rendering of the facial bones demonstrates multiple Odontogenic Keratocysts. (J). An axial bone window shows lamellar calcifications involving the
tentorial leaflets (black arrows). (H). Axial bone window CT shows a cutaneous nodule, confirmed to be a basal cell carcinoma. (Color version of figure is available online.)

FIG 7. A 39-year-old with a confirmed history of Schwannomatosis. (A) coronal fat-saturated T2WI demonstrates bilateral orbital T2 hyperintense lesions along with the ophthalmic
and maxillary trigeminal nerve branches divisions’ distribution consistent with multiple schwannomas (white arrows). (B) Sagittal STIR cervical spine shows diffuse STIR hyperin-
tense lesions consistent with schwannomas along all of the cervical and upper thoracic nerve roots (white arrows). (C) Sagittal STIR lumbar spine shows diffuse lumbar and sacral
nerve roots schwannomas (white arrows). (D), axial heavily weighted T2 images show normal cerebellopontine angles/internal auditory canals (circles). Note ptyrgopalaltine fossa
schwannomas (white arrows).
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both genes located on chromosome 22q11 (Schwannomatosis type
2), and encode tumor suppressor proteins. Some cases have somatic
mutations. The diagnosis is made based on the clinical presentation.

Clinical presentation: Patients with Schwannomatosis present
with multiple schwannomas (> 2 intradermal) and do not meet diag-
nostic criteria for NF-2 (no ependymomas or meningiomas. The liter-
ature disagrees on whether vestibular schwannomas exclude the
diagnosis. The onset of tumors ranged from the second to the sixth
decade of life and appear in various parts of the body, including the
spinal cord, chest wall, extremities, and subcutaneous regions.

Neuroimaging: Characteristic imaging finding in Schwannomato-
sis is multiple schwannomas with sparing of the vestibular nerves.
MRI remains the imaging modality of choice. Schwannomas in imag-
ing appear as well-defined, round or oval T2 hyperintense lesions
located along the course of peripheral nerves with intense heteroge-
neous contrast enhancement with gadolinium-based contrast
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agents.57 The most common nerves affected by these lesions include
peripheral segments of the cranial nerves and spinal nerve roots. An
example of the lesion is shown in Figure 7.
Progressive Facial Hemiatrophy

Progressive Facial Hemiatrophy (PFH), also called Parry Romberg
Syndrome, is a rare craniofacial disorder characterized by slowly pro-
gressive atrophy of unilateral facial skin and soft tissues with a vari-
able degree of severity and involvement.58 About 20% of the patients
show involvement of the limbs, trunk, as well, which could be either
ipsi- or contralateral. The frequency of this condition is 1 in 250,000
with a possible female predominance.

Genetics: The genetic cause of this syndrome is unknown, and the
diagnosis is made based on clinical presentation. A study of the
h de ClinicalKey.es por Elsevier en enero 03, 2025. Para uso 
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FIG 8. (A) Cartoon depicting classical findings of progressive facial hemiatrophy on the right with soft tissue loss and muscular bulk. (B) An 11-year-old with progressive facial hem-
iatrophy, Coronal nonfat saturated post-contrast T1WI shows right-sided hemiatrophy of the masseter muscle (red arrow), right facial subcutaneous fat (white arrow), and scalp
(arrowhead) when compared to contralateral side. (C-D) A 37-year-old presenting with left-sided trigeminal neuralgia (C) Axial FLAIR demonstrates white matter hyperintense
lesions (black arrows). (D) Axial post-contrast nonfat saturated T1WI demonstrates muscles of mastication (red arrows, pterygoid, and master muscles) and subcutaneous facial
fatty atrophy (white arrows) when compared to contralateral site. (E-F) A 63-year-old presenting with right facial pain after chiropractor manipulation. (E) Coronal post-contrast
nonfat saturated T1WI demonstrates fatty atrophy of the muscles of mastication (black arrows) compared to the contralateral face. (F) sagittal bone window CT shows right mandib-
ular angle fracture (red arrow). (Color version of figure is available online.)
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occurrence of PFH in one of a monozygotic twin pair also argued that
this condition is unlikely to be genetic.59

Clinical presentation: Patients with PFH usually present in the sec-
ond to fourth decade of life with complaints of the skin's abnormal
texture and hyperpigmentation.58 Physical examination usually
reveals the extent and severity of involvement of the cutaneous and
subcutaneous tissues of the cheek and forehead. Radiographic studies
show bone involvement.

Neuroimaging: A classical imaging feature of PFH is unilateral
atrophy, usually beginning in the maxillary region, with loss of soft
tissue andmuscular bulk. Loss of ocular fat may also cause enophthal-
mos. Unilateral intracranial vascular involvement, intracranial vascu-
lar dysplasia, intracranial calcifications, and white matter
hyperintense lesion are also reported in cases of PFH.60 Contralateral
brain atrophy and sympathetic dysfunction have been also
reported.61 Mandibular fracture complications are not uncommon in
these patients, given decrease in muscular bulk and bone dysplasia.
An example of neuroradiological findings seen in PFH is shown in
Figure 8.

Wyburn-Mason Syndrome

Wyburn-Mason syndrome (WMS) is a congenital neurocutaneous
disease caused by developmental anomalies involving the primitive
vascular mesoderm and the developing optic cup and anterior neural
tube.62 A hallmark of WMS is unilateral or bilateral multiple arterio-
venous malformations (AVMs).63,64 The anomalous vessels consist of
arteries and veins without capillary beds resulting in direct arteriove-
nous communication.64 These vessels can involve the visual pathway
from the retina to the occipital cortex, hypothalamus, midbrain, basal
ganglia, or cerebellum and may result in bleeding or thrombosis.65

The exact prevalence of WMS in the general population is unknown.
Around 100 cases have been reported in the literature.62,64,65
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Genetics: No specific genetic cause of WMS has been identified.
Furthermore, the specific underlying mechanisms for AVM develop-
ment is not well characterized .

Clinical manifestations: The main features of WMS are ipsilateral
intracranial AVMs, visual pathway, vascular anomalies, and facial
nevi.62 However, all three features are not always present. Ophthal-
mic manifestations may include monocular amblyopia, esotropia,
glaucoma, or vision loss due to vitreous, intra-retinal, or macular
bleeding.64 In a literature review of 27 cases, all patients had eye-
related findings, often due to retinal or orbital AVMs resulting in
abnormal visual acuity, proptosis, pupillary defects, and optic atro-
phy.62 Dermatological findings are uncommon and include angiomas
of the face in the distribution of the trigeminal nerve, frontal or max-
illary sinuses, or the pharynx. The neurological manifestations could
include headache, hemiparesis, seizures, and retro-orbital pain.

Neuroimaging: MRI and CT help demonstrate the type, location,
and extent of the brain and orbit vascular anomalies, including AVM.
Cerebral angiography is usually needed to evaluate symptomatic
patients and delineates the hemodynamics and the arterial supply of
these lesions (Fig 9).62 The most commonly affected sites are the
orbit, particularly the optic nerve, followed by the thalamus, hypo-
thalamus, optic chiasm, and suprasellar region. Brain lesions occur in
the distribution of the optic tracts and optic radiations.62 Brain dam-
age close to vascular malformations can occur through compression
of expanding AVM, ischemia or bleeding, or further complications
like subarachnoid or intracerebral hemorrhages.62,64 Occasionally,
spontaneous obstruction of retinal AVM results in retinal bleed.62

Gomez-Lopez-Hernandez Syndrome

Gomez-Lopez-Hern�andez syndrome (GLHS; MIM #601853), also
known as cerebello-trigeminal-dermal dysplasia, is a neurocutaneous
syndrome with three primary features: partial scalp alopecia,
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FIG 9. A 5-years-old Wyburn Mason syndrome, (A-B), axial and sagittal 3D FLAIR show multiple flow voids reflective of a large arteriovenous malformation (AVM) involving the
thalamus and occipital lobes (white arrows). (C) Post-contrast T1WI further demonstrate the temporal lobe involvement (black arrow) and subtle extension to the orbit (white
arrowhead) as noted by vascular congestion. (D) Axial time-of-flight MIP demonstrates extensive arterial supply from the anterior circulation (black arrows).
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rhombencephalosynapsis, and trigeminal anesthesia. All 3 findings
were reported in only 56% of patients.66 The presence of the men-
tioned triad or the presence of rhombencephalosynapsis, with scalp
alopecia and one major craniofacial manifestation, suggests a defini-
tive GLHS.67 Another study suggested GLHS should be considered if
at least 2 of the following criteria are fulfilled: focal non-scarring alo-
pecia, craniofacial anomalies, rhombencephalosynapsis, trigeminal
anesthesia, or anatomic trigeminal nerve abnormalities.68 Less than
100 cases are reported since its first description.68,69

Genetics: The cerebellar and cranial nerve abnormalities in GHLS
occur as a consequence of an ectoderm developmental arrest.70 The
underlying etiology and genetic inheritance pattern of GHLS are still
unclear.68 However, consanguinity was reported in at least 3 cases,
making autosomal recessive transmission a possibility.66,71 No chro-
mosomal abnormalities have been described to be related to GLHS.
One of the potential recessive mutations that may be associated with
GLHS was described to affect the gene encoding lysosomal acid phos-
phatase (ACP2), which maps in the human homologue to the location
11p11.2.72

Clinical presentation: Neurologic manifestations include hypoto-
nia, motor delays, ataxia, intellectual disability, and stereotypical
head movements.66,67,73 Other reported craniofacial manifestations
include brachycephaly, low-set ears, widely spaced eyes, strabismus,
mid-face retrusion, turribrachycephaly, and craniosynostosis.70,71,74

Individual cases report behavioral and psychiatric manifestations like
self-mutilation, schizophrenia, and autism spectrum disorder.69,73,75

Neuroimaging: A classic feature of GLHS is Rhombencephalosy-
napsis. Brain MRI shows transversely oriented cerebellar folia with
absent cerebellar vermis and fused cerebellar hemispheres, white
matter, and dentate nuclei (Fig 10). Other imaging findings include
ventriculomegaly/hydrocephalus, cerebellar hypoplasia, and trigemi-
nal ganglia hypoplasia.72,76 Supratentorial brain anomalies associated
with rhombencephalosynapsis were also reported, including abnor-
mal gyri, corpus callosal anomalies, large massa intermedia, thalamic
fusion, and absent septum pellucidum.72
CHILD Syndrome

CHILD syndrome (MIM #308050) is characterized by unilateral
skin inflammation with erythema and scaling and ipsilateral visceral
and limb abnormalities, ranging from limb hypoplasia to complete
limb absence.77 These findings constitute the basis of the acronym;
Congenital Hemidysplasia with Ichthyosiform erythroderma and
Limb Defects.78 The right side of the body is more likely involved
than the left. CHILD syndrome can be misdiagnosed as inflammatory
linear verrucous epidermal nevus, psoriasis, ichthyosis, or atypical
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erythrokeratodermia.77 There are less than 50 genetically confirmed
cases reported in the literature.79

Genetics: CHILD syndrome is an X-linked dominant disease
related to mutations in the NAD(P)H steroid dehydrogenase-like pro-
tein gene (NSDHL gene). NSDHL gene is located in chromosome
Xq28.78 The affected protein is involved in cholesterol metabolism,
and the defect will result in improper keratinocyte membrane and
skin barrier, with consequent manifestations of CHILD syndrome.80

Clinical presentation: Skin involvement in CHILD often demon-
strate a unique lateralization pattern with strict midline demarcation
and a tendency to affect body folds. Bilateral symmetric skin lesions
were also reported.78,81 Other findings include ichthyosiform nevus,
which manifests as lateralized plaques with narrow bands following
Blaschko’s lines or overlying waxy, thick scales, and verruciform xan-
thomas, which manifests as a fleshy, exophytic mass.82 Limb and
skeletal abnormalities may include scoliosis, hand or foot clefting,
and epiphyseal stippling “chondrodysplasia punctata.” Ipsilateral vis-
ceral abnormalities may involve vascular structures, lungs, kidneys,
and brain.77 These may include a single ventricle, mitral valve or sep-
tal defects, aortic coarctation, absent kidney, hydronephrosis, or
absent lung. Neurologic abnormalities include ipsilateral hypoplasia
of the cranial nerves or the cerebral hemisphere, mild intellectual
impairment, hemiparesis, electroencephalographic abnormalities,
sensorineural hearing loss, and decreased touch and heat sensation.77

Neuroimaging: Imaging studies play an essential role in evaluat-
ing musculoskeletal defects and detecting potential brain involve-
ment. Commonly, these studies reveal the extent of skeletal and soft
tissue abnormalities in the spine and limbs. Other less common find-
ings include unilateral hypoplasia of the brain, dilated lateral ventri-
cle, hypoplasia of the cranial nerves and the spinal cord, lumbar
meningocele, and hydrocephalus.83 An example of imaging findings
observed in cases of CHILD syndrome is shown in Figure 11.
Proteus Syndrome

Proteus syndrome (PS; MIM #176920) is a highly variable, rare genetic
disorder characterized by disproportionate asymmetric overgrowth of dif-
ferent tissue types, epidermal and connective tissue nevi, vascular malfor-
mation, and adipose tissue dysregulation.84,85 Other features included
intellectual disability and dysmorphic faces. PS is also called a partial
gigantism-nevi-hemihypertrophy-macrocephaly syndrome, and it is con-
sidered part of the epidermal nevus syndrome group of disorders. PS is
extremely rare, with a frequency of less than 1 in 1million.

Genetics: PS is mainly sporadic and caused by a genetic variant of
somatic mutation resulting in a regulatory growth gene called AKT1. This
mutation results in gain-of-function in the AKT1 gene, which regulates
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FIG 11. A 7 years old with CHILD Syndrome, (A) Coronal bone window CT demonstrates T9 hemivertebra (white arrow) with associated scoliosis and adjacent vertebral anomalies.
(B) 3D rendered images further demonstrate the hemivertebra and scoliosis. (C) Lumbar spine sagittal T2W MRI shows borderline low lying conus medullaris at the level of L3 (red
arrow). (Color version of figure is available online.)

FIG 10. A 7-year-old patient with Gomez-Lopez-Hernandez Syndrome. (A) Cartoon depicting the classic alopecia and facial dysmorphic features in patients with GLHS. (B - C). Axial
and coronal T2W images show cerebellar vermis hypoplasia with a fusion of the cerebellar hemispheres consistent with rhombencephalosynapsis (D) Sagittal post-contrast T1WI
demonstrates corpus callosum dysgenesis (black arrow). (C) Axial T2W image shows Meckel’s caves hypoplasia, possibly explaining the patient trigeminal anesthesia/paresthesia.

756 A. Samara et al. / Current Problems in Diagnostic Radiology 51 (2022) 747�758
cell proliferation and apoptosis. AKT1 encodes for a kinase protein
involved in regulating cell growth, proliferation, survival, differentiation,
and cytoskeletal changes. Diagnosis is suspected upon clinical examina-
tion and imaging studies and confirmedwith genetic testing.

Clinical presentation: Biesecker et al. suggested mandatory crite-
ria for the diagnosis of PS that include mosaic distribution of lesions,
sporadic occurrence, and progressive course.84 Mosaic pattern of
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overgrowth primarily affects bones and skin. Progressive overgrowth
of the cerebriform connective tissue nevus is pathognomonic for
diagnosis.86 PS is also associated with an increased risk of neoplasm
and vascular malformations.

Neuroimaging: Classical imaging findings include asymmetric
hemihypertrophy with bizarre irregular patterns of overgrowth, wide-
spread lymphangitic or vascular malformations (Eg, arteriovenous
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FIG 12. A patient with Proteus syndrome at different ages: Brain MRI at 8 years of age, CT scan at 19 years. (A) Axial T2W image demonstrates right cerebral hemisphere Hemimega-
lencephaly with extensive post-surgical changes of hemispherectomy and cortical/white matter T2 hyperintensity. (B) Axial T2W image at the level of the posterior fossa demon-
strates hemihypertrophy of the right cerebellar hemisphere. (C). Axial bone window CT demonstrates marked calvarial expansion/overgrowth most prominent along the frontal
bone (black arrow). (D) Axial bone window CT at the level of the orbits shows extensive right-sided squamosal temporal bone and sphenoid overgrowth (black arrows), resulting in
multiple skull base foramina and orbital fissures narrowing. (E) Axial bone CT at the level of the maxillary sinus shows right maxillary sinus osseous overgrowth (black arrow), bilat-
eral zygomatic arches overgrowth (black arrowheads), and right mandibular condyle overgrowth (white arrow). (F) Coronal bone window CT demonstrates calvarial expansion/
overgrowth (black arrow), right sphenoid overgrowth (white arrow), and expansion/overgrowth of both temporomandibular joints (black arrowheads).
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malformations), and hemimegalencephaly. Maxillary and mandibular
deformations may occur secondary to overgrowth and subcutaneous
fatty, fibrous, lymphangiomatous masses are common. Brain abnor-
malities are not common, but when present hemimegalencephaly and
cortical migration defects are noted.87,88 Additional imaging findings
might include vertebral body defects, scoliosis, cranial exostosis, osteo-
mas, osteochondromas, and enchondromas. Some of these imaging
findings are shown in Figure 12.
Informed consent and patient details

The authors declare that this report does not contain any personal
information that could lead to the identification of the patient(s).
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