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a b s t r a c t

Neurofibromatosis is a neurocutaneous, tumor predisposing, inheritable disorder charac-

terized by tumors of the brain and spine and the presence of skin lesions. The most

important tumors associated with neurofibromatosis are vestibular nerve schwannomas,

with others being meningiomas and ependymomas. The cord is also affected by tumors,

ependymoma being the commonest, besides meningiomas and schwannomas. We present

a case with café au lait macules, neurofibromas in the skin, bilateral VIII cranial nerve

schwannomas, multiple meningiomas in the brain and spine, ependymomas in the brain

and spine, and schwannomas in the cauda equina nerve roots.

© 2017 Published by Elsevier B.V. on behalf of Director General, Armed Forces Medical

Services.
Introduction
Neurofibromatosis is a hereditary neurocutaneous disorder
characterized by skin abnormalities and disposition to multi-
ple neurological tumors that affect the brain and the spinal
cord. Schwannomas of the cranial nerves, meningiomas and
ependymomas are the most common tumors associated with
the disease. The hallmark dermatological abnormalities
associated with the condition are café au lait macules and
neurofibromas of the skin.
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Clinical and imaging findings
A 23-year-oldmale patient presentedwith progressive hearing
loss in the right ear that was noticed since 10 days. There was
nohistory of otalgia, otorrhea, or trauma to the ears. Therewas
no contributory past or family history. There was no history of
seizures or any other sensory or motor symptoms in the
individual.

General examination revealed a café-au-lait macule on the
skin of the anterior abdominal wall (Fig. 1a). Also noted were
eral, Armed Forces Medical Services.
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Fig. 1 – (a) Café au lait macule (black arrows) on the right side of the trunk. (b) Neurofibromas on the back.
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Fig. 2 – (a) Axial contrast-enhanced T1WI MRI showing bilateral VIII nerve schwannomas with ‘‘ice cream cone’’ appearance.
(b) Sagittal contrast-enhanced T1WI MRI showing multiple enhancing meningiomas arising from the falx cerebri. (c) Axial
contrast-enhanced T1WI MRI showing ependymoma in the left lateral ventricle.
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multiple, soft, nodular cutaneous swellings involving the
trunk and the limbs (Fig. 1b). Local ear examination revealed
normal external auditory canals and tympanic membranes
bilaterally. Audiometric testing proved right-sided sensori-
neural hearing loss. An magnetic resonance imaging (MRI) of
the brain revealed bilateral lesions arising from the vestibu-
locochlear nerves of either side extending out of the porus
acousticus and into the cerebellopontine angle of the respec-
tive side depicting a typical 'ice-cream' cone appearance of
vestibular schwannoma (Fig. 2a).

Multiple, avidly enhancing, extra-axial nodular lesions
were seen arising from the falx cerebri, the tentoriumcerebelli,
and the meninges overlying the convexities; these lesions
were likely to be meningiomas (Fig. 2b). An optic nerve
meningioma was also present on the right. There was nodular
thickening of the falx and the tentorium cerebelli at places. An
avidly enhancing, extra-axial nodular lesion was seen with a
broad base toward the septum pellucidum and projecting into
the frontal horn of the left lateral ventricle; this was likely to be
an ependymoma (Fig. 2c).

In the contrast-enhanced MRI of the spine, intramedullary
tumorswith variegated signal intensitywere noted atmultiple
places along the spinal cord with hydromyelia involving
almost the entire cord (Fig. 3a–c). Multiple enhancing
meningeal tumorlets were also observed.
Multiple neurofibromas were seen extending through the
neural foramina of the spine. The cauda equina nerve roots
showed enhancing nodular lesions suggestive of schwanno-
mas (Fig. 3d).

Histopathology of one of the nodular lesions on the trunk
revealed it to be a neurofibroma.

He was diagnosed as a case of neurofibromatosis type 2
(NF2) and referred for neurosurgeon's opinion. Surgery to
address the vestibular schwannomas and the cervical epen-
dymoma was offered to the patient.

Discussion
Neurofibromatosis type 2 (NF2) is a neurocutaneous disease
that predisposes to multiple tumors of the central and
peripheral nervous systems.1 It is rare, with an incidence of
1 in 60,000. NF2 is associated with deletion of the NF2 gene/
Merlin/Schwanomin gene, located on the long (q) arm of
chromosome 22, at band 12.2 (22q12.2).2 The Schwanomin
gene encodes for the cytoskeletal protein neurofibromin 2,
which is similar to some members of the ERM (ezrin, radixin,
and moesin) family of proteins, known for their role in linking
cytoskeletal components with cell membrane proteins. Neu-
rofibromin 2 regulates ion transport, modulates cytoskeletal
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Fig. 3 – (a) Sagittal T2WI of the spine showing hydromyelia, as well as multiple intramedullary and multiple intradural-
extramedullary tumors. (b) Sagittal contrast-enhanced T1W1. (c) Axial contrast-enhanced T1WI showing intramedullary
cervical cord ependymoma. (d) Sagittal contrast-enhanced T1WI showing enhancing schwannomas arising from the cauda
equina nerve roots.
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dynamics, and interacts with proteins on the cell surface.
Schwann cells, meningeal cells, nerve cells, and cells of the
lens express this gene fundamentally.

Neurofibromin helps in growth suppression of these cells
by various intercellular signaling pathways. Uncontrolled
multiplication of cells ensues when Merlin is deleted through
mutation. The deletion is inherited in 50% of the cases, with
the other half resulting due to de novo mutations.

First proposed in 1988, the diagnostic criteria for NF2
require either the presence of bilateral vestibular schwanno-
mas or a family history with unilateral vestibular schwannoma
and any one of the following: meningioma, glioma, neurofibro-
ma, schwannoma, or posterior subcapsular opacities.

These criteria have undergone several revisions and
modifications and alternative diagnostic criteria such as the
Manchester criteria or the National Neurofibromatosis foun-
dation criteria have been proposed.3

The most distinctive feature of the disease is bilateral
schwannomas of the superior vestibular branch of the eighth
cranial nerves. Besides these, the disease is characterized by
the presence of schwannomas of the other cranial nerves,
meningiomas, and tumors of the spinal canal.1,4 Also referred
to as MISME, the acronym stands for Multiple Intracranial
Schwannomas, Meningiomas, and Ependymomas.

Although the clinical presentation varies, a large propor-
tion of patients present due to the involvement of the CN VIII
by schwannomas.4 Progressive hearing loss is themost common-
ly reported symptom, with the others being tinnitus, impaired
balance, and paresthesias around the temporal region. Schwan-
nomas are also seen affecting the third and the fifth cranial
nerves. In a study of 48 patients with NF2 by Mautner et al.,
vestibular schwannomaswere found in96%of thepatients, spinal
tumors in 43 (90%), eye involvement in 30 (63%), meningiomas in
28 (58%), and trigeminal schwannomas in 14 (29%).5

Reduced visual acuity due to the involvement of the optic
nerves by intracranial tumors or due to posterior subcapsular
cataracts, cortical wedge opacities, and epiretinal membrane
is fairly common in NF2.4,6

The skinmanifestations associatedwith this entity are café
au lait macules, schwannomas, and neurofibromas.4
Tumors of the spinal cord include ependymomas,which form
themajority,with the others beingmeningiomas, schwannomas,
and neurofibromas. Evaluation of spinal MRI by Patronas et al. in
49 patients with NF2 revealed 26 patients with intramedullary
lesions and 27 having intradural-extramedullary tumors.

The management of NF2 primarily involves the surgical
removal of symptomatic intracranial and intraspinal tumors.6

Stereotactic radiosurgery, radiation therapy, andmicrosurgery
are resorted to in patients with aggressive tumors or with
patients having surgical risks. Cochlear implants and brain-
stem implants are offered as part of auditory rehabilitation to
patients with loss of hearing in specialized centers.

Other therapies targeting the various implicated protein-
signaling cascades by drugs such as elotinib and orafenib are
being evaluated for the treatment of NF2 andmay offer hope to
patients suffering from this often-debilitating disease.
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