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Abstract

Type 2 neuroibromatosis (NF2) is an invalidating, inherited, dominant, autosomal disease. It is 
commonly confused with type 1 neuroibromatosis, although the two disorders are different.
All subjects who inherit a mutated NF2 gene will develop the disease, which is characterised by 
t he growth of  schwannomas,  general ly af fect ing t he vest ibular nerve bilat eral ly,  as well  as 

meningiomas and other benign cent ral nervous system tumours, before their third decade of 

life.

It is currently possible to identify the NF2 mutation in most affected families. Up to about 20% 
of NF2 patients with no family history, apparently sporadic cases, are actually individuals with 
mosaicism for this mutat ion.

Much of  t he morbidit y f rom these t umours result s f rom their t reatment ,  which is primarily 

surgical. Small vest ibular schwannomas can often be completely resected with preservat ion of 

both hearing and facial function. In case of large tumours it is possible to place a cochlear or 
brain stem implant  during the schwannoma surgery.

Age at  diagnosis, the presence of int racranial meningiomas and whether the pat ient  was t reated 

at  a specialty cent re or not  have been cited as the st rongest  prognost ic factors.

© 2009 Elsevier España, S.L. All rights reserved.
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Introduction

Neuroibromatosis (NF) is a group of three related but 
genet ically dif ferent  disorders of the nervous system, which 
are inherited in an autosomal dominant  pat tern, and which 
cause cell tumours in the neuroglia.

Their prevalence is equal for both genders and they have 
no predilect ion for any race or ethnic group.

In the classiication of the NF, we can differentiate:

i  Type 1 neuroibromatosis or Von Recklinghausen disease 
(NF1)

i Type 2 neuroibromatosis (NF2)
i Schwannomatosis

History

The irst case of NF2 was described in 1822 by a Scottish 
surgeon named Wishart. Later, in the nineteenth century, 
NF1 was deined by Von Recklinghausen.

Both were considered as part  of the same illness for 
years. In 1987, it was inally recognised that they were two 
separate ent it ies, and that  the locat ions of their respect ive 
causative genes were on chromosomes 22 and 17.1,2

Incidence and prevalence

Initially, the incidence of NF2 was estimated at 1:30,000-
40,000, with a prevalence of disease of approximately 
1:200,000. However, recent studies suggest that the 
incidence of infants born with NF2 may be up to 1:25,000, 
and its prevalence higher than 1:80,000.3

The incidence is signiicantly higher than the prevalence 
of diagnosed cases because many cases do not  meet  the 
diagnost ic criteria of the disease unt il after the third decade 
of life and others die before then.

Physiopathology

The manifestations of NF2 are the result of point mutations or 
delet ions or large rearrangements of the NF2 gene, located 
on the long arm of chromosome 22. This results in decreased 
product ion of the protein merlin or schwannomin, which 
acts as a tumour suppressor. A decrease in the funct ion or 
product ion of this protein yields a predisposit ion to develop 
a variety of tumours of the cent ral and peripheral nervous 
systems.4

The NF2 gene is the only gene associated with NF2. Up 
to 50% of patients have no family history of NF2, so in 
those cases they are considered as present ing a de novo 
mutat ion.

NF2 is inherited in an autosomal dominant pattern. The 
NF2 gene, like other tumour suppressor genes, requires 
the inact ivat ion of both alleles for the loss of it s funct ion 
(Knudson’s double impact model). Individuals who have a 
germline mutat ion require only a somat ic mutat ion to lose 
full funct ion of the gene.

Characteristics of the disease

The onset age for findings in patients with NF2 is 
usual ly around 18-24 years,  al t hough t he range is f rom 
birth to 70 years. Almost all patients have developed a 
bi lat eral  vest ibular schwannoma at  age 30.  Apart  f rom 
the vestibular schwannoma, patients with NF2 develop 
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Resumen
La neuroibromatosis tipo 2 es una enfermedad invalidante que se hereda de forma autosómica 
dominante. A menudo se ha confundido con la neuroibromatosis tipo 1, aunque son patologías 
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vestibulares y de forma bilateral, así como meningiomas u otros tumores benignos del sistema 
nervioso cent ral, antes de los 30 años de edad.
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Hasta un 20% de los pacientes afectos de NF2 sin historia familiar, aparentemente casos esporá-

dicos, son en realidad individuos con mosaicismo para esa mutación.
La morbilidad de esos tumores es en gran medida debida a su t ratamiento, que es principalmente 

quirúrgico. Cuando son pequeños, los schwanomas vest ibulares se pueden resecar completamente 

con preservación tanto de la función auditiva como facial. En caso de tumores grandes se puede 
colocar un implante coclear o bien de t ronco cerebral durante el mismo acto quirúrgico.

Los principales factores pronósticos son: la edad media al diagnóstico, la presencia de menin-

giomas int racraneales y si el paciente fue t ratado o no en un cent ro especializado.
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schwannomas in ot her nerves (peripheral  and cranial 
nerves),  as wel l  as meningiomas and,  more rarely, 
ependymomas and ast rocyt omas.  The most  common 
ocular f inding is a post erior subcapsular cat aract ,  and 
this can be the first sign of NF2. During childhood it may 
be possible t o det ect  a mononeuropat hy,  of t en in t he 
form of  facial  paralysis or st rabismus (by paralysis of  t he 
t hird cranial  nerve).

The variable expression of NF2 between individuals 
explains t he dif ferences in size,  locat ion and number 
of  t umours.  Al t hough t hese t umours are not  mal ignant , 
t heir number and anat omic locat ion lead t o a signif icant  
morbidi t y and early deat h.  Li fe expect ancy is around 
36 years,  wit h an average survival  f rom t he t ime of 
diagnosis of  15 years;  survival  is improving wit h early 
diagnosis of  disease and bet t er t reat ment  at  special ised 
cent res. 5,6

This is considered a disease that  starts in young adulthood. 
Consequently, NF2 may be underdiagnosed in children, in 
whom skin tumours and ocular abnormalities may be early 
clinical manifestat ions. 7

Clinical manifestations

Vestibular schwannoma: early symptoms include tinnitus, 
hearing loss and impaired balance, usually with insidious 
onset. However, hearing loss may occasionally be of rapid 
onset , presumably due to vascular involvement  of the 
tumour. It rarely causes facial paralysis, even if it is large. If 
lef t  unt reated, it  will cause compression of the cerebellum 
and hydrocephalus. Schwannomas can also develop in other 
nerves, cranial and peripheral, being more frequent  in 
sensory than in motor nerves.

Spinal tumours: up to two thirds of patients with NF2 
develop tumours in the spinal cord and these are often 
the most dificult to handle. The most common are 
schwannomas, which usually originate in the int ravertebral 
canal, in the dorsal roots.8

Up to 30% of patients may develop intramedullary tumours 
of ast rocytoma or ependymoma type. Most  spinally affected 
pat ients have mult iple tumours, although many of them 
remain asymptomat ic.

Meningiomas: approximately half of patients with NF2 
develop meningiomas, most  of them int racranial and mainly 
supratentorial.

Meningiomas in the orbit  will cause vision loss due to 
opt ic nerve compression. Those originat ing at  the base of 
the skull can cause neuropathy, cerebral compression and 
hydrocephalus.

A meningioma may be the form of presentation of NF2, 
part icularly in childhood.9

Ocular affectation: one third of NF2 cases suffer 
unilateral or bilateral decrease of  visual acuit y.  Posterior 
subcapsular opacity is the most common ocular inding, 
although it rarely progresses to a signiicant cataract. Such 
corneal opacit ies usually appear before the onset  of  the 
symptoms of  vest ibular neurinoma and can be observed 
in children.

More than 33% of individuals may suffer retinal hamartomas 
and epiret inal membranes.

Both int raorbital and int racranial tumours will produce a 
decrease in visual acuity and diplopia.

Monopolyneuropathy: especially during childhood, 
mononeuropathy is associated with NF2. It can often 
take the form of facial paralysis with only partial 
recovery,  or else st rabismus (due t o paralysis of 
t he mot or ocul i  ext ernus (MOC) or drooping foot  or 
hand). 10

A progressive polyneuropat hy may appear in adul t s. 
This would not  be direct ly relat ed t o t he t umour 
masses. 11

Cutaneous affectation: skin exploration is an aid in the 
diagnosis of NF2, although cutaneous indings are more 
subtle than those of NF1. Up to 70% of patients may 
present skin tumours. The most common lesion type is that 
resembling int radermal plaques with more pigmentat ion 
than the surrounding skin and often with an excessive 
hair growth, but  they may also present  subcutaneous 
schwannomas.

Diagnosis

In 1988, the NIH published a consensus about the diagnostic 
criteria for NF2,12 which is clinical and from which only one 
criterion is required for diagnosis:

1.  Bilateral Schwannomas of the eighth cranial nerve 
diagnosed by MRI or CR (biopsy is not necessary)

2. First-degree relative having NF2 and:
a) Unilateral schwannoma of the eighth cranial nerve, 
with early onset  (age <30 years)
b) Two of the following:

i Meningioma
i Glioma
i Schwannoma
i  Children with posterior subcapsular lent icular 

opacity (j uvenile cort ical cataract )
3.  Unilateral schwannoma of the eighth cranial nerve 

diagnosed by CT or MRI with early onset (detected in a 
patient under 30 years) and 2 of the following:
a) Meningioma
b) Glioma
c) Schwannoma
d) Juvenile cort ical cataract

4. Multiple meningiomas (>2) and:
a) Unilateral schwannoma of the eighth cranial nerve 
b) 2 of the following:

i Glioma
i Schwannoma
i Juvenile cort ical cataract

Although schwannomas of the cranial nerves are 
relat ively rare (with the except ion of eighth cranial nerve 
schwannoma), they also occur spontaneously. Therefore, 
any pat ient  present ing schwannomas in mult iple cranial 
nerves, a rare int racranial schwannoma or a schwannoma 
of a single cranial nerve, third (MOC), fourth (pathet ic), or 
sixth (motor oculi externus) should prompt  a screening for 
NF2.

In addition, differential diagnosis should be considered in 
pat ients with mult iple ext ra-axial tumours of the brain or 
spinal cord, regardless of whether they are meningiomas or 
schwannomas.
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Molecular genetics diagnostic testing for NF2

At present, the molecular genetics diagnosis of NF2 is 
handled by analysing point  mutat ions through the complete 
sequencing of the coding and int ronic regions of the 
molecular NF2 gene, and the detect ion of large delet ions or 
rearrangements using the MLPA technique.

Chromosomal analysis: chromosomal abnormalities 
associated with NF2 have been reported, so chromosome 
analysis is recommended. Nevertheless, it is important to 
note that  chromosomal abnormalit ies are usually not  large 
and rarely does this study enable determinat ion of the 
alteration responsible for the NF2.

Fluorescent  in situ hybridisation analysis (FISH): it can 
detect  small delet ions that  affect  mult iple exons of the NF2 
gene or the ent ire gene.

In patients without a family history (de novo cases), 
the detect ion rate of mutat ions in the NF2 gene is low, 
approximately 50%. One of the reasons that might explain 
this low rate of detect ion of mutat ions in the germline is 
the presence of mosaicism. Recent  studies show that  up to 
25%-33% of individuals with NF2 due to a de novo mutat ion 
present  mosaicism.13

Identifying these patients with mosaicism for the NF2 
gene can be complex, given that:

i  They generally have an incomplete phenotypic expression. 
Consequent ly, they frequent ly do not  present  bilateral 
vest ibular schwannomas.

i  The study of the NF2 gene in the germline based on DNA 
ext racted from peripheral blood lymphocytes does not  
usually ind the mutation responsible for the symptoms; 
the genet ic analysis of tumour t issue is required to 
diagnose the presence of mosaicism.

Differential diagnosis

NF1: although the two diseases are clinically distinct and 
are caused by mutat ions on dif ferent  chromosomes, there 
is still confusion between NF1 and NF2:

i  Patients with NF2 do not have the same cognitive problems 
that have been observed in NF1. Neither do they have 
Lisch nodules or “milk & coffee” skin blemishes.

i  In NF2, schwannomas rarely became malignant and 
progress to neuroibrosarcoma.

Schwannomatosis: deined as multiple neurilemomas 
and schwannoma, but  with no vest ibular schwannoma. 
Affected individuals develop int racranial tumours of the 
nerve roots or peripheral nerves. One third of pat ients with 
schwannomatosis suffer segmental disease.

Unilateral vestibular schwannoma: this is a common 
tumour in the general population, approximately 5%-
10% of all intracranial tumours and the vast majority of 
cerebellopont ine angle tumours.

In vestibular schwannomas, 5% are bilateral and associated 
with NF2, while 95% are unilateral in individuals without a 
genet ic predisposit ion to develop the disease.

The risk that a unilateral tumour is the irst manifestation 
of NF2 is related to the age of the patient. Subjects under 

30 years with a symptomat ic vest ibular neurinoma have a 
high risk of developing a contralateral neurinoma and NF2 
should be ruled out. In addition, 6% of individuals apparently 
suffering from isolated vest ibular schwannoma present  
mosaicism for the NF2 gene mutation.14

Meningioma: on rare occasions, patients have been 
described with mult iple meningiomas with an autosomal 
dominant  inheritance pat tern, but  without  an associated 
vest ibular schwannoma.

Typically, mult iple meningiomas can be observed in 
elderly patients. Upon inding a single meningioma in an 
individual younger than 25 years, a possible NF2 should be 
ruled out .

Cowden disease: this is associated with multiple 
meningiomas, neuroibromas and hamartomas, including 
Lhermit te-Duclos disease (cerebellar gangliocytoma). 
However, it is not associated with schwannomas of the 
eighth cranial nerve.

Meningiomatosis and mult iple meningioangiomatosis.
Gorlin syndrome: associated with meningiomas, 

ast rocytomas and medulloblastomas, but  not  with 
schwannomas.

Evaluation of patients diagnosed with NF2

The following evaluat ions are recommended for establishing 
the extent  of the disease in an individual diagnosed with 
NF2:

i  Cranial and spinal MRI.
i  Hearing evaluation, including BAEP.
i  Ophthalmologic evaluat ion.
i  Cutaneous test .

Patients with NF2 should be evaluated and treated 
at a specialised centre for NF2, with experience in the 
management  of the various complicat ions of the disease. 15

Genetic counselling

All patients suffering from NF2 should be referred to genetic 
counselling units to receive appropriate at tent ion. These 
units meet the needs presented by patients with NF2 and 
their families regarding the possibilit ies of developing or 
t ransmit t ing the disease, about  it s prognosis and opt ions for 
it s management , t reatment  and monitoring, as well as the 
beneits, risks and limitations of a genetic study.

Approximately 50% of individuals with NF2 have an 
affected parent, and 50% have NF2 as a result of a de novo 
mutat ion.

Between 25%-33% of individuals who are de novo cases 
(with no family history of NF2) present mosaicism for the 
NF2mutation.16,17

We recommend evaluation of the parents of a subject 
with an apparent ly de novo mutat ion, with a thorough 
medical history. In addition, if there is any suspicion of 
NF2, we advise performing an MRI. One parent may be 
excluded if  their offspring has mosaicism, but  the absence 
of the mutat ion detected in the child does not  rule out  the 
possibilit y of mosaicism in the parent . As the age of onset  of 



310 M. Pérez-Grau et  al

symptoms remains constant  in each family, it  is usually not  
necessary to carry out  cont rols on asymptomat ic parents.

Each of the descendants of a person with NF2 has a 
50% chance of inheriting the mutation and, therefore, of 
present ing the disease.

Individuals with somatic mosaicism and bilateral vestibular 
tumours have less than a 50% chance of having an affected 
child.18 If the mutation is detected in the tumour DNA but 
not in leukocyte DNA, the risk for the offspring is less than 
5%.

Family planning: genetic counselling should be offered to 
all young adults affected or at risk. The identiication of 
the mutat ion in the NF2 gene responsible for the disease 
makes it possible for different family planning options to 
be considered.

Prenatal diagnosis: prenatal diagnosis in cases with a 
50% risk for NF2 can be carried out through DNA analysis of 
foetal cells obtained by chorionic villus biopsy.

Preimplantation diagnosis: this is the determination of 
the mutat ion in the embryo at  the morula stage before 
implantation in the womb. It requires approval by the 
National Commission on Assisted Reproduction.

Treatment and morbidity/mortality

Vestibular schwannoma: hearing loss due to a schwannoma 
of the eighth cranial nerve is the morbidity most  frequent ly 
associated with NF2.

The t reatment  of these schwannomas is eminent ly 
surgical. When the vestibular tumours are small (<1.5 mm), 
they can be completely resected while preserving hearing 
and facial funct ion; if  the tumours are large, often a 
debulking is all that is possible without damaging the facial 
or cochlear nerve. However, there is currently a tendency 
towards open surgery, because cochlear implants (or, in 
case the cochlear nerve has to be sacriiced, brain stem 
implants) can be placed during the same operat ion.

Convent ional external radiat ion therapy is cont raindicated 
in cases of malignant  t ransformat ion of the tumours.19

An alternat ive to surgery is stereotact ic radiosurgery in 
selected pat ients (those with very aggressive tumours or 
pat ients who refuse a surgical intervent ion) and with worse 
outcomes in pat ients who suffer from unilateral vest ibular 
schwannoma.20

The t reatment  of hearing loss should include pat ient  
referral to an audiologist  and for lip-reading t raining, as 
well as hearing aids like cochlear implants or brainstem 
implants.

Other tumours, such as meningiomas and ependymomas, 
cause symptoms by mass effect  on surrounding st ructures 
and are sometimes excised. Nevertheless, serial MRI scans 
are generally performed to monitor these tumours, since 
surgery may produce sequelae years before they occur with 
their natural evolut ion.

Despite the different types of tumours found in NF2, their 
malignant  t ransformat ion is rare and may be iat rogenic in 
many pat ients.

The age of death is variable in patients with NF2 and 
many pat ients have a relat ively normal life cycle.

The prognostic factors for mortality risk are: age at 
diagnosis, the presence of int racranial meningiomas, and 

whether the pat ient  was t reated at  a specialised cent re or 
not .21,22

Monitoring

The following should be performed in pat ients with a 
conirmed genetic mutation for NF2 or those with a genetic 
status that has not been clariied by molecular analysis:

1.  MRI at 10-12 years of age, which must be repeated 
annually at  least  unt il the fourth decade of life.

2.  Auditory evaluat ion including BAEP, which will be useful 
for detect ing an impairment  of the auditory nerve 
function before changes are observed on the MRI scan.

3. Annual rout ine eye examinat ion.

Conclusions

NF2 is a debilitating disease, largely unknown in the medical 
community.

If NF2 is suspected, the patient should undergo a cranial 
and spinal MRI, a hearing evaluation (including BAEP), a 
complete ophthalmological evaluation and a skin test.

These pat ients should be referred to genet ic counselling 
units to undergo genet ic analysis, to receive informat ion 
on this disease and its t reatment  opt ions and for the early 
detect ion of possibly affected offspring.

It is important to refer these patients to specialised 
cent res where they can be t reated by mult idisciplinary 
units including specialists accustomed to the disease.
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