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Background
Neurocutaneous syndromes encom-

pass a group of disorders that affect 
the embryonic ectodermal plate, which 
includes the central and peripheral ner-
vous systems, as well as the overly-
ing skin. Mesodermal and endodermal 
structures may be involved, depending 
on the type and severity of the specific 
neurocutaneous syndrome. Common 
developmental abnormalities include 
dysplasias and often an increased inci-
dence of neoplasms.  

Neurofibromatosis type 1 (NF1), also 
known as von Recklinghausen disease, 
is the most common of the neurocuta-
neous syndromes with an incidence of 
approximately 1 in 2,600 to 1 in 3,500 
live births.1-3 Men and women are af-
fected equally. NF1 is inherited in an 
autosomal dominant fashion with vari-
able pathological and clinical expres-
sion. Approximately half of all cases 
result from spontaneous mutations of 
the NF1 gene.4 The genetic defect af-
fects chromosome 17q12 and results 
in decreased production of neurofibro-
min, which acts as a tumor suppressor. 
The disease affects the brain, skull, or-
bits, spine, musculoskeletal system, and 
skin/integumentary system, although 

there is significant variability in the type 
and severity of clinical manifestations.3 
Diagnostic criteria for NF1 include the 
presence of 2 or more of the following: 
first degree relative with NF1, 6 or more 
café-au-lait spots, 2 or more neurofibro-
mas (NFs) or 1 plexiform neurofibroma 
(PNF), optic pathway glioma, bony 
dysplasia, axillary or inguinal freckling, 
and 2 or more Lisch nodules.5,6 Central 
nervous system (CNS) abnormalities 
occur in approximately 15%-20% of 
NF1 patients.7

Intracranial Manifestations of NF1 
Parenchymal Involvement and 
Neoplasias

Intracranial CNS manifestations in-
clude characteristic NF1 “spots” and 
low-grade neoplasms. The NF1 “spots” 
are regions of signal abnormality in-
volving the basal ganglia, thalami, den-
tate nuclei, cerebellar peduncles, optic 
radiations, and brainstem in children 
and adolescents; they are thought to 
represent regions of myelin vacuoliza-
tion (Figure 1). They are hyperintense 
on T2 sequences and typically iso- to 
mildly hyperintense on T1 images. 
There should be no mass effect or en-
hancement, as enhancement or signifi-

cant mass effect suggests development 
of a low-grade glioma. The lesions may 
wax and wane for the first decade of life 
or so and then regress.8 They are un-
common after the second decade of life. 

The most common CNS neoplasm 
associated with NF1 is a low-grade 
optic pathway glioma (OPG). The 
majority of children with OPGs have 
NF1,9,10 while approximately 20% of 
patients with NF1 have OPGs.11,12 The 
presence of bilateral optic nerve glio-
mas is considered pathognomonic for 
NF1. The tumors cause enlargement, 
elongation and “buckling” of the optic 
nerve, resulting in the “dotted i” ap-
pearance on axial images (Figure 2). 
Enlargement and benign bony remodel-
ing of the optic canal may also be seen. 
Although low-grade, the lesions may 
extend to the optic chiasm, and along 
the optic tracts and radiations (Fig- 
ure 3). Visual loss and interval change 
in size are the most important consider-
ations in terms of managing OPGs. The 
tumors are hypointense on T1 and hy-
perintense on T2 sequences. Expansion 
of CSF within the optic nerve sheath 
complex may be seen, possibly due to 
CSF trapping. Enhancement charac-
teristics are variable, especially in the 
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FIGURE 1. NF1 “spots.” Axial fluid-attenuated inversion recovery (FLAIR) images demonstrate 
multiple foci of increased signal intensity without mass effect involving the basal ganglia and 
deep white matter tracts (A), as well as the cerebellum (including dentate nuclei) and the brain-
stem (B).

FIGURE 2. Optic pathway glioma. Axial T2 image (A) demonstrates enlargement and buckling of 
the bilateral prechiasmatic and intraorbital segments of the optic nerves, resulting in the “dotted 
i” appearance. There is also increased CSF signal intensity within the right optic nerve-sheath com-
plex. Axial T1 postcontrast image with fat suppression (B) reveals abnormal enhancement of the 
enlarged optic nerves. Reprinted with permissions: O’Brien WT. Top 3 Differentials in Neuroradiol-
ogy. New York: Thieme, 2015.

FIGURE 3. Optic pathway glioma. Coronal T1 postcontrast image with fat suppression (A) shows 
abnormal enlargement and enhancement of the intraorbital left optic nerve. Sagittal T1 postcon-
trast image with fat suppression in a different patient (B) reveals an enhancing suprasellar mass 
centered within the optic chiasm.

setting of ongoing treatment, and are 
less reliable in terms of directing treat-
ment decisions compared to a change in 
tumor size or extent.  Treatment options 
include chemotherapy, surgery, and 
radiation therapy, although radiation 
therapy is generally avoided in patients 
with NF1.13 

Low-grade cerebellar, brainstem, 
tectal plate, and basal ganglia gliomas 
are also common and have an increased 
incidence in the setting of NF1; the vast 
majority are pilocytic astrocytomas, 
although high-grade gliomas may oc-
casionally be seen as well. Pilocytic 
variants involving the posterior fossa, 
brainstem, and optic pathways com-
monly present as cystic tumors with an 
enhancing mural nodule (Figures 4 and 
5). Enhancement may be seen along the 
cyst wall as well, which often indicates 
tumor cells lining the cystic compo-
nent (Figure 5).14 On MRI, tectal plate 
gliomas are typically T2 hyperintense 
and iso- to hypointense on T1 with no 
or minimal enhancement (Figure 6). 
More aggressive gliomas most often 
present in the pons and appear as ill-de-
fined, infiltrative masses with variable 
enhancement patterns. Higher-grade 
components demonstrate central necro-
sis with increased peripheral enhance-
ment and perfusion, as well as restricted 
diffusion.14 Obstructive hydrocephalus 
may result from mass effect associated 
with tectal plate, cerebellar, or brain-
stem gliomas or as a result of aqueduc-
tal stenosis, which has an increased 
incidence in patients with NF1.

Orbital Involvement
In addition to OPGs (described 

above), orbital findings include sphe-
noid wing dysplasia with associated 
pulsatile exophthalmos, buphthalmos 
(globe enlargement), and intraorbital 
extension of a plexiform neurofibroma. 
Sphenoid wing dysplasia is a charac-
teristic finding of NF1 but is relatively 
uncommon.  The greater wing of the 
sphenoid is most often involved. Al-
though the precise etiology of sphenoid 
wing dysplasia is not entirely under-
stood, recent studies suggest that the 
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process may be multifactorial with a 
combination of bony dysplasia, as well 
as an ipsilateral plexiform neurofibroma 
affecting growth and closure of skull 
base sutures.15 Cross-sectional imag-
ing demonstrates anterior displacement 
and thinning of the sphenoid bone with 
enlargement of the middle cranial fossa 
in the anteroposterior dimension (Fig-
ure 7). Herniation of portions of the te-
mporal lobe and overlying CSF into the 
posterior margin of the orbit results in 
pulsatile exophthalmos. Globe enlarge-
ment – buphthalmos – may also be seen 
in the setting of NF1 (Figure 8).

As the name would imply, neurofi-
bromas (NFs) are common in the setting 
of NF1. NFs are classified as benign pe-
ripheral nerve sheath tumors with sub-
categories, including localized, discrete 
superficial or deep NFs and diffuse 
plexiform neurofibromas (PNFs). NFs 
most often involve the orbits, head and 
neck, spine, and paraspinal soft tissues 
in patients with NF1. On MRI, they are 

hyperintense on T2 and hypointense 
on T1 sequences with heterogeneous 
enhancement. Compared to schwan-
nomas, NFs are more likely to demon-
strate the target appearance with central 
decreased and peripheral increased T2 
signal intensity.16 

PNFs refer to a network of nerve fas-
cicles and thickened fibers that occur 
along the longitudinal axis of peripheral 
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FIGURE 4. Brainstem juvenile pilocystic astrocytoma. Axial T2 image through the pons (A) reveals a cystic lesion to the left of midline with mild mass 
effect and surrounding edema. Sagittal T1 postcontrast image (B) shows a nodular enhancing component along the inferior margin of the mass.

FIGURE 5. Posterior fossa juvenile pilocytic 
astrocytoma. Sagittal T1 postcontrast image 
demonstrates a large cystic and solid posterior 
fossa mass with an enhancing nodular compo-
nent along its anterosuperior margin, as well 
as enhancement along the wall of the cystic 
component. There is compression of the 4th 
ventricle and brainstem with obstructive hydro-
cephalus and inferior displacement of the cer-
ebellar tonsils through the foramen magnum.   

FIGURE 6. Tectal plate glioma. Sagittal T2 
image (A) demonstrates enlargement of 
the tectal plate with subtle increased signal 
intensity. There is mass effect on the cerebral 
aqueduct with associated obstructive hydro-
cephalus, as evidenced by enlargement of 
the lateral and third ventricles. Sagittal T1 
images without (B) and with (C) contrast 
show similar findings and no discernible 
enhancement.
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nerves. They appear more infiltrative 
on MRI with T2 hypointense septa-
tions and heterogeneous enhancement 
(Figure 9). PNFs commonly involve 
the orbit, skull base, and spine. PNFs 
are clinically important, since approxi-
mately 10% will undergo malignant  
degeneration.17 

Vascular Involvement
NF1 is known to affect the intra-

cranial vasculature; however, the 
incidence of vascular abnormali-
ties is relatively low. The most com-
mon vascular abnormalities include 
regions of stenosis or occlusion, often 
resulting in secondary moya moya 

disease. Additional vascular abnor-
malities include arteriovenous malfor-
mations and fistulae, dolichoectasia, 
as well as an increased incidence of  
aneurysms.18 

Moya moya is characterized by pro-
gressive occlusion of the supraclinoid 
internal carotid artery and/or proximal 
cerebral arteries with development and 
enlargement of multiple basilar col-
lateral vessels. The term “moya moya” 
means “puff of smoke” in Japanese and 
corresponds to the appearance of ab-
normal collateral vessels depicted on 
angiography when the entity was first 
described.19 On MR angiography, there 
is loss of flow signal intensity at the  

carotid terminus and/or proximal ce-
rebral arteries with multiple enlarged 
basilar collateral vessels, which have a 
smudgy appearance (Figure 10). This 
results in the characteristic “puff of 
smoke” appearance. Patients are at risk 
of ischemia and subsequent infarcts, es-
pecially in a watershed distribution, as 
well as hemorrhage. Perfusion imaging 
can be used to monitor disease progres-
sion and determine whether or not there 
is an adequate vascular reserve.

Spinal Manifestations of NF1
Spinal manifestations of NF1 include 

multiple bilateral intraspinal and para-
spinal neurofibromas. Spinal lesions may 

FIGURE 7. Sphenoid wing dysplasia. Axial CT 
image in bone window reveals anterior dis-
placement and thinning of the sphenoid bone 
on the right with enlargement of the middle 
cranial fossa in the anteroposterior dimen-
sion. A soft tissue mass extending through 
and expanding the right optic canal, consis-
tent with an optic pathway glioma, is partially 
seen. 

FIGURE 8. Buphthalmos. Axial CT image reveals enlargement of the right globe in a 
young child with NF1, consistent with buphthalmos.

FIGURE 9. Plexiform neurofibroma. Coronal fluid-sensitive T2 (A) and postcontrast T1 (B) images 
with fat suppression (A) demonstrate a large enhancing T2 hyperintense mass with intermediate 
to hypointense linear striations involving the pre- and postseptal compartments of the left orbit, 
as well as involvement of the suprazygomatic masticator space on the left. There is mass effect on 
the left with proptosis.
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FIGURE 10. Vasculopathy/moya moya. Reformatted image 
from an MR angiogram demonstrates occlusion of the termi-
nal carotid and proximal cerebral arteries with multiple basilar 
and meningeal collateral vessels, consistent with moya moya.
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be intradural, intradural and extradu-
ral, or purely extradural. On imaging, 
smaller lesions are often T2 hyperin-
tense with prominent enhancement, 
similar to schwannomas. Larger lesions 
are more heterogeneous in signal in-

tensity and enhancement patterns. As 
with NFs elsewhere and as discussed 
above, neurofibromas are more likely 
than schwannomas to demonstrate the 
“target sign,” which refers to periph-
eral increased and central decreased T2 

signal intensity. Intra- and extradural 
lesions extend through and expand the 
bony neural foramina with benign bony 
remodeling (Figure 11). 

Although the majority of cases of ma-
lignant peripheral nerve sheath tumors 
occur in the setting of neurofibromatosis, 
the estimated incidence of malignant pe-
ripheral nerve sheath tumors in NF1 pa-
tients is approximately 5%.20 Malignant 
lesions tend to be larger, more ill-defined 
and heterogeneous, and grow fairly rap-
idly with regions of central necrosis 
(Figure 12). Large retroperitoneal PNFs 
may be present and are prone to malig-
nant degeneration, which is best charac-
terized by interval growth on subsequent 
imaging.  

Additional spinal manifestations in-
clude kyphoscoliosis (Figure 13), dural 
ectasia with posterior vertebral body 
scalloping, and lateral thoracic menin-
goceles. The bony manifestations of 
NF1 may be due to a primary bony dys-
plasia and/or bony changes associated 
with adjacent neurofibromas.21 Lateral 
thoracic meningoceles are thought to 
result from dural ectasia/meningeal 
dysplasia (Figure 14).

Extra-CNS Manifestations of NF1
Extra CNS and spinal manifestation 

are beyond the scope of this review, 
but include cutaneous abnormalities, 
such as cutaneous neurofibromas and 
café-au-lait spots; pseudoarthroses and 
bowing deformities affecting the long 
bones of the extremities; “ribbon” ribs; 

FIGURE 11. Spinal (plexiform) neurofibromas. Axial (A) and coronal (B) T1 postcontrast images 
with fat suppression reveal multiple, large, lobulated, enhancing paraspinal, extradural, and intra-
dural extramedullary masses. Cord compression is seen at the cervicomedullary junction. The cor-
onal image (B) shows focal scoliosis within the upper thoracic spine associated with numerous 
paraspinal masses, as well as foraminal extension and expansion within the upper cervical spine. 
There is partial collapse of the left upper lobe.

FIGURE 12. Malignant peripheral nerve sheath 
tumor. Coronal T2 image demonstrates a large 
dumbbell-shaped mass extending through and 
expanding a neural foramen within the lum-
bar spine on the left. The superior portion of 
the intraspinal component is ill-defined and 
increased in size from comparison examina-
tion. Multiple NFs are seen at adjacent levels.

A B

FIGURE 13. Kyphoscoliosis. Sagittal T1 image 
with fat suppression reveals bony dysplasia 
of the mid-lower cervical spine with a focal 
kyphotic gibbus deformity. There is underly-
ing cord compression at the apex of the bony 
deformity, as well as abnormal enhancement 
within the epidural and paraspinal soft tissues, 
consistent with NFs.

FIGURE 14. Lateral thoracic meningocele. 
Axial image from a CT myelogram demon-
strates a large meningocele extending through 
and expanding the left neural foramen and 
into the adjacent paraspinal soft tissues. Image 
courtesy of Paul M. Sherman, M.D.
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and overgrowth or hypertrophy of all or 
a portion of a limb. NF1 is associated 
with an increased incidence of neopla-
sia, to include pheochromocytoma, gas-
trointestinal stromal tumors, leukemia, 
and lymphoma. 

Conclusion
Neurofibromatosis type 1 is the most 

common of the neurocutaneous syn-
dromes, affecting multiple sites and 
organ systems. CNS manifestations 
occur in roughly 10%-20% of patients 
and include regions of myelin vacuol-
ization (NF1 “spots”); multiple tumors, 
to include gliomas (optic pathway and 
spinal are the most common) and vari-
ants of neurofibromas; bony dysplasia; 
vascular abnormalities; and dural ec-
tasia. Understanding the characteristic 
imaging findings, as well as their clini-
cal significance and expected evolu-
tion, is critical in correctly interpreting 
neuroimaging studies in this patient 
population, and appropriately guiding 
management decisions. 
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