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caused by the gene mutations of neurofibromin on the long arm
of chromosome 17 that is involved in the RAS pathway which
plays a role in cell signaling. NF1 is one of the most common
single-gene disorders affecting neurological function in
humans1.
NF2, also named as the MISME syndrome for "multiple
inherited schwannomas, meningiomas, and ependymomas, is
caused by mutations of a tumor-suppressor gene,
the "Merlin" gene, on the chromosome 22q122. NF2 is an
uncommon genetic disorder with benign nervous system tumor
development, so as named as MISME syndrome3-9. Although
NF1 and NF2 are transmitted in an autosomal dominant pattern,
up to 50% of NF1 and NF2 patients are due to spontaneous
mutation. The incidence is about 1 in 3500 live births for NF1
and 1 in 60,000 for NF29. Both NF1 and NF2 affect men and
women equally.
Common symptoms of NF1 include scoliosis, learning
disabilities, vision disturbances, epilepsy and significant skin
involvement. The diagnostic criteria for NF1 are: 1) Six or more
café au lait macules (>0.5 cm in children or >1.5 cm in adults);
2) Two or more cutaneous/subcutaneous neurofibromas or one
plexiform neurofibroma; 3) Axillary or groin freckling; 4)
Optic pathway glioma; 5) Two or more Lisch nodules (iris
hamartomas seen on slit lamp examination); 6) Bony dysplasia
(sphenoid wing dysplasia, bowing of long bone ±
pseudarthrosis); 7) First degree relative with NF110. The criteria
are met in an individual if two or more of the features listed are
present.
In contrast, the main manifestation of NF2 is symmetric
multiple benign tumors involving the vestibulocochlear (cranial
nerve [CN] VIII) nerves, which has been observed more than
90% patients3-5. At least two thirds of patients with NF2
develop spinal tumors, which are often devastating and difficult
to manage7. Unlike NF1, NF2 is less likely to have skin lesions
and not associated with neurofibromas. The diagnostic criteria
for NF2 have been modified over time11. Most recent modified
criteria for definite diagnosis of NF2 are: 1) Bilateral CN VIII
schwannomas on magnetic resonance imaging (MRI) or
computer tomography (CT) scan (no biopsy necessary); 2)
First-degree relative with NF2; and 3) Either unilateral
early-onset CN VIII schwannoma (age < 30 y) or any 2 of the
following: meningioma, glioma, schwannoma, juvenile
posterior subcapsular lenticular opacity (juvenile cortical
cataract)10-13. The criteria for probable diagnosis of NF2 are: 1)
Early onset of unilateral CN VIII schwannomas on MRI or CT
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I. INTRODUCTION
Neurofibromatosis (NF) is an autosomal dominantly
inherited syndrome. Based on its clinical and pathological
features, NF is divided into two types: NF type-1 (NF1) and
NF2. NF1, formerly known as von Recklinghausen disease, is
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scan detected in patients younger than 30 years and 2) any of the
following: meningioma, glioma, schwannoma, juvenile
posterior subcapsular lenticular opacity, multiple meningiomas
(>2). Although CN schwannomas, except for CN VIII
schwannomas, also occur spontaneously, they are relatively
rare. Thus, the presentation of multiple CN schwannomas, or an
unusual intracranial schwannoma, such as a single CN III
(oculomotor), CN IV (trochlear), or CN VI (abducens)
schwannoma, should prompt screening for NF2.
Contrast-enhanced MRI of the brain and entire spine should be
pursued14-16 to detect small schwannomas, particularly of the
CN and spinal nerve roots and intraparenchymal
ependymomas17. MRI of high-resolution fast spin-echo (FSE)
T2 and fluid attenuated inversion recovery (FLAIR) imagings
can aid evaluation18-20.
Although implicated by the name of MISME,
simultaneous occurrence of the triple tumors in an individual
can be rarely encountered. The occurrence of the triple tumors in
a shared anatomic location, such as in cervical canal, is even
rarer. To expand our knowledge, we presented a case of MISME
syndrome affecting the cervical spinal cord in a young woman.

A

II. CASE REPORT
A 21-year-old woman presented for progressive hearing
loss for 10 years, constant back pain for 2 years, weakness and
stiffness in all four limbs for 8-months and inability to ambulate
for 1 month. She also complained of constipation but no
sphincter dysfunction. She was born blind in her left eye and
found to have myopia in her right eye, legal deafness in her right
ear and a hearing deficit (threshold >50dB) in her left ear.
Neurological examination revealed weak muscle strength of 3/5
(Medical Research Council) in her left lower limb and 4/5 in all
other limbs. She had spastic muscle tone in all four limbs with
brisk tendon reflexes and bilateral positive Babinski signs.
Sensory deficit with a bilateral C4 level and percussion pain on
T12 spinal process were noted. Her breathing was fast and
shallow.
MRI of the brain and cervical spine showed numerous
well-defined mass lesions varying in size exhibiting isointense
signal to gray matter on T1/T2 images and postcontrast
enhancement.
These
masses
resided
in
bilateral
cerebellopontine angles (CPA) affecting acoustic nerves and
cervical spinal cord at C1-C7 level intradural-extramedullarily
and intramedullary (Fig.1A-F). MRI of thoracolumbar spine
showed a dumbbell shaped mass extra-axially at T12-L1 level
which also significantly compressed the spinal cord (Fig.
1G-H). Incident finding on the MRI showed the left kidney was
compressed by the tumor (Fig. H) without clinical complaints
nor laboratory evidence of kidney dysfunction. The clinical
presentations and neuroimaging findings were consistent with
the diagnosis of NF25, 10-12. Interestingly, no mass was seen in
the optic nerves on the brain MRI although the patient had
visual deficits.
She underwent staging microsurgical debulking
intervention. Initially, the intramedullar tumor at the C6-C7 and
the intradural tumors at the C3-C6 levels, which badly
compressed and displaced the cervical spinal cord, were
removed completely (Fig. 2). The extradural segments of the
masses, which encased the bilateral vertebral arteries at the level
of C1-C2 and the left carotid artery at the level of C5-6, were
subtotally resected (Fig. 2E and 2I). Pathology reports with
histoimmunochemical staining showed spinal meningioma at
C1-C2, schwannomas at C3-C4 and C5-C6 level, and
ependymoma (WHO Grade II) intramedularlly at C6-C7 (Fig.
2).
Subsequently she underwent a secondary microsurgery to
debulk masses on the bilateral vestibular and left facial nerves
under the intraoperative monitoring with electromyography on
facial nerve and brainstem auditory evoked potentials (Fig. 3A).
Histologic exam showed schwannoma (Fig. 3B). During the
operation, some tiny tumors of 1-2 mm in size rising from the
facial, glossopharyngeal and hypoglossal nerves were observed,
which were not seen on the brain MRI, suggestive of the
limitation and low sensitivity of the MRI on the tiny sized
tumors. Finally, she underwent a third operation 3 months later
to relieve her back pain. The dumbbell-shaped tumor was
completely removed (Fig. 1H and Fig. 3C). The compressed left
kidney was also decompressed. Histological study showed
schwannoma (Fig. 3D).
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Fig. 1. Brain MRI with contrast of T1 weighed imaging (axial, A and
coronal, B) shows bilateral vestibular schwannomas (arrows). Cervical spine
MRI with contrast of the T1 weighted imaging (sagittal, C, D and coronal, E, F)
shows multiple homogeneously enhanced well-defined solid mass lesions
varying in sizes (arrows) at C1-C6 level intradural-extramedullarily and one at
C6-C7 intramedullarily. Thoracolumbar spine MRI (G: T1 weighted sagittal
image without contrast and H: T2 weighted axial image without contrast) shows
a dumbbell shaped tumor at T12-L1 level. The left kidney was compressed by
the tumor (H).
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were significantly improved. She regained her muscle strength
significantly (4+/5 in all limbs) and was able to ambulate
without assistance. Her back pain was completely relieved,
however, her hearing deficits and left facial palsy remained. No
genetic study was performed.
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III. DISCUSSION
We presented here a rare case of MISME, or NF2, with
pathologically confirmed triple tumors affecting the cervical
spinal cord in a young woman, in whom microsurgical
debulking interventions resulted in a favorable outcome. To our
knowledge, this is the first report of MISME syndrome, or NF2,
with pathologically confirmed triple tumors affecting cervical
spinal cord after PubMed search.
The average age of the onset of clinical manifestations in
individuals with NF2 is 18 to 24 years9. Clinical studies have
shown that NF2 patients have 90–95% chances to suffer from
bilateral vestibular schwannomas and 70% of a variety of spinal
neoplasms15. Radiological studies with pathological
confirmations have shown schwannoms in 83% cranial and 75%
spinal cord tumors while meningiomas in 75% cranial21 and
20% intradural extramedullary spinal cord tumors4, which is
associated with significant morbidities7. The most common
spinal tumors are schwannomas, which usually originate within
the intravertebral canal on the dorsal root and extend both
medially and laterally, taking the shape of a "dumbbell", as also
seen in our patient [Fig. 1G and 1H]. Schwannomas can
develop along the course of cranial, spinal and peripheral
nerves. Although meningiomas are benign, they may be
difficult to completely resect, as seen in our patient with
meningiomas encasing the bilateral vertebral arteries. The exact
incidence of ependymomas in NF2 is unclear but likely to be
low14. Ependymomas are relatively rare tumors, accounting for
only 4% to 6% of primary central nervous system neoplasms.
About one-third of all ependymomas arises within the spinal
canal and represents the most common (approximately
40%-60%) intramedullary spinal neoplasm in adults22-24. NF2
associated with spinal ependymomas usually have an indolent
course and approximate three-fourth of them were
asymptomatic25, therefore, they can be either observed or treated
with surgical excision26. The constellations of clinical
presentation, neuroimaging and surgical findings in our patient
fulfilled the diagnostic criteria for NF2, or MISME. Histologic
studies confirmed the diagnosis. Surgical removal is the option
of treatment choice and can produce a satisfactorily clinical
outcome25. In our patient, we successfully resected most of the
cervical tumors and produced a favorable improvement without
causing neurologic deficits.
Vestibular schwannomas affecting young patients with NF2
may cause significant hearing loss, facial palsy and brain stem
dysfunction. A chance to preserve hearing exists only if the
maximal hearing loss is less than 30 dB preoperatively because
surgical intervention may also adversely add risks27. Our patient
who failed to salvage hearing function after operation was
primarily due to her advanced disease course with multiple
schwannomas involving the CN VIII. Early intervention may
be needed to achieve the best outcomes in preserving facial and
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Fig. 2. MRI of cervical spine 3 months post-operation shows the postsurgical
changes (A: sagital T1 weighted imaging; E: sagital T2 weighted imaging and
I: coronal T1 weighted imaging). The previously demonstrated intradural
tumors (see Fig. 1C-1F) disappeared except the extradural remnant at the
C1-C2 level (I: arrow). A well decompressed cervical spinal cord is shown.
Microphotos of histological and immunochemical staining show meningioma
resected from the C1-C2 (B: H&E staining; C: EMA staining and D:
Progesterone Receptor staining); schwannomas resected from C3-C4 and
C5-C6 (F: H&E staining; G: Verocay body and H: S100 protein staining) and
ependymoma (WHO Grade II) resected intramedullarily from C6-C7 (J: H&E
staining, K: GFAP staining and L: S100 protein staining).
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Fig. 3. A: Brain CT without contrast shows the postoperative changes in left
CPA with disappearance of the left vestibular schwannoma (arrow). B:
Histological examination shows vestibular schwannoma (H&E staining). C:
CT without contrast of lumbar spine at T12-L1 level shows the disappearance
of the dumbbell-shaped tumor (see Fig. 1H). D: Histological examination
shows schwannoma (H&E staining).

Follow-up at 6 months after the operation, her symptoms
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9.

auditory functions. Cochlear implants, vibrant sound bridge,
bone anchor hearing aid and auditory brainstem implant, which
are the alternative ways to salvage sensorineural hearing loss,
are clinically available28-31. Early resection of the tumors may be
warranted for symptomatic tumors. Complete resection of
meningiomas, schwannomas and ependymomas can be
achieved but at times may be a procedure challenge. The
strategy with gradient priorities using staging microsurgical
techniques to debulk tumors in different locations may be
carried out, and should be individualized depending on patient’s
age, overall clinical status, and ease of respectability25.
Microsurgical techniques and intraoperative monitoring may
help to reduce adverse outcomes. If a complete resection is
infeasible, stereotactic radiotherapy, and possibly gene therapy,
may be beneficial in improving quality of life and prolonging
life span.
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Questions (please choose a single answer):
1. MISME syndrome, or NF2, is an inherited disorder
with:
A.
B.
C.
D.

4. MISME syndrome commonly includes all the following
tumors EXCEPT:

Autosomal dominant pattern.
Autosomal recessive pattern.
X-linked dominant pattern.
X-linked recessive pattern.

A. Schwannomas.
B. Medulloblastoma.
C. Ependymomas.
D. Meningiomas.

2. MISME syndrome, or NF2, is caused by the gene
mutation involving:
A.
B.
C.
D.

5. The following statements on NF2 are correct except:
A. The incidence is about 1 in 60,000 live births.
B. The average age of the onset of clinical
manifestations in individuals with NF2 is 18 to 24
years.
C. Clinical studies have showed that NF2 patients
have 90–95% chances to suffer from bilateral
vestibular schwannomas.
D. At least two thirds of individuals with NF2 develop
spinal tumors.
E. The diagnostic criteria include 6 or more café au
lait macules (>0.5 cm in children or >1.5 cm in
adults).

17q11.
22q12.
13q14.
Xq23.

3. Patients of NF2 are less likely to have:
A.
B.
C.
D.

Skin neurofibromas.
Bilateral CN VIII Schwannomas.
Optic gliomas.
Juvenile posterior subcapsular lenticular opacity
(juvenile cortical cataract).

Answers: 1: A; 2: B; 3: A; 4: B 5: E.
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