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Abstract
Purpose The hallmark of neurofibromatosis type 2 (NF2) is the presence of bilateral vestibular schwannomas (VS) which however
have not yet developed or grown to large size in children and young adolescents. Therefore, early diagnosis in pediatric patients
without family history of NF2 has to be made by signs and symptoms not related to VS which will be reviewed in this study.
Methods A total of 70 children diagnosed for NF2 at an age of < 18 years were identified from our patient cohort. Age and
symptoms, signs and pathology at symptom onset, age at NF2 diagnosis and symptoms leading to diagnosis as well as genetic
findings were retrospectively reviewed.
Results The average age at symptom/sign onset was 8 ± 6 (range 0–17) years and 11 ± 5 (range 1–17) years at time of diagnosis.
Fifteen children had a positive family history and were diagnosed upon additional clinical symptoms. The most frequent first
presenting symptom/signs were ophthalmological abnormalities (49%), followed by cutaneous features (40%), non-VS-related
neurological deficits (33%), and symptoms attributable to VS (21%). VSwere not only the most common symptomatic neoplasm
but also the most frequent pathological evidence for the diagnosis (72%). In 42 patients with available genetic testing results,
pathogenic mutations were most frequently identified (n = 27).
Conclusion The presenting symptoms in NF2 children appear “unspecific” or less specific for classical NF2 compared with adult
NF2 patients, posing a challenge particularly for cases without family history. In children, ophthalmological and cutaneous
features should raise clinical suspicion for NF2 and referral to an NF2 specialized center is recommended.

Keywords Neurofibromatosis type 2 . Vestibular schwannoma . Presenting symptom . Pediatric

Introduction

The genetic tumor predisposition syndrome neurofibroma-
tosis type 2 (NF2) is a rare disease with a prevalence of
1:56.000 and an incidence of 1 case in 33,000 to 40,000

live births per year [1, 2]. It is caused by the inactivation
of the NF2 tumor suppressor gene located on chromo-
some band 22q12.2 [3, 4]. Patients exhibit benign tumors
of the central and peripheral nervous system (e.g.,
schwannomas, meningiomas, ependymomas) and other
non-tumorous findings such as ocular abnormalities
(e.g., cataract, retinal hamartoma, epiretinal membranes),
cutaneous manifestations (e.g., skin tumors, Fig. 1) [5, 6],
or muscle atrophy due to NF2-associated neuropathy (Fig.
2) [6–8]. The typical hallmark of the disease which also
secures the diagnosis is bilateral vestibular schwannomas
(VS) causing tinnitus, balance disorders, dizziness, and
later hearing loss and facial palsy depending on tumor
size [5]. Total deafness is an expectable problem over
lifetime in these patients, which can result in serious so-
cial and educational problems. Therefore, independent of
treatment modality choice, long-term hearing preservation
should be the major goal in these patients. To pursue this
goal, early diagnosis with ensuing early awareness of VS
and monitoring of hearing is crucial.
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While older adolescents and adults usually present with
symptoms attributable to VS (e.g., hearing loss, tinnitus,
balance disorder, facial palsy), children and young adoles-
cents commonly present with a variety of symptoms un-
related to VS [9–13] including ophthalmological and cu-
taneous findings. Also unspecific symptoms and patholo-
gies such as vascular events can be the first symptom of
NF2 [14]. Consecutively, diagnosis for NF2 may be large-
ly delayed with the consequence of wasting the valuable
time-window for monitoring VS tumor growth and hear-
ing in the early stage.

In this study, we retrospectively reviewed our NF2 co-
hort diagnosed at age younger than 18 years, focusing on
the variety of very first symptoms which initialized fur-
ther examination resulting in the final diagnosis of NF2.

Material and methods

Patient cohort

For this monocentric analysis, we retrospectively
reviewed medical records of 70 patients who were diag-
nosed, moni tored, or t rea ted in our Cent re for

Neurofibromatosis between 2003 and 2019 and at an age
younger than 18 years at time of diagnosis. The Ethics
Board of the Medical Faculty and the University
Hospital of Tübingen approved this retrospective analysis
(No. 018/2019BO2).

Diagnosis of NF2 was based on clinical, radiological (cra-
nial and spinal magnetic resonance imaging (MRI)), and oph-
thalmological (with the focus on NF2-associated features) ex-
amination using the established criteria [15].

After confirmation of diagnosis, a strict and frequent
hearing monitoring (pure-tone and speech audiometry, as
well as brainstem auditory, evoked potentials) as previ-
ously described was completed [16]. Mutation analysis
of the NF2 gene could be performed in 42 patients. The
other 28 patients or their parents did not wish or agree for
a genetic test.

We dis t inguished between symptom(s) /s igns /
pathology(ies) at symptom onset (= presenting symptoms)
and those leading to diagnosis. The former are often non-
specific for NF2 and partially do not count as true diagnostic
criteria.

Significance of comparisons between groups was deter-
mined by t test with a two-tailed hypothesis and significance
level was set to p < 0.05.

Fig. 1 a–d Typical cutaneous
features in children and early
adolescents with NF2. a
Intracutaneous schwannoma of
the groin in an 8-year-old girl. b
Predominantly subcutaneous,
large schwannoma of the scapula
of a 16-year-old female patient. c
Intracutaneous schwannoma on
the lower leg of the same patient
(patient b). d Plexiform
schwannoma of the ulnar nerve
left-sided in a 19-year-old girl
who previously received surgery
at 13 years of age
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Results

Detailed demographic, clinical, and genetic data are given in
Tables 1, 2, 3, and 4.

NF2 mutations were found in 38 (90%) of the 42 tested
patients, resulting in a very high frequency of positive genetic
examination. One patient was genetically ascertained to be
mosaic with a nonsense mutation found in tumor DNA.
Only in three patients, no NF2 mutations were found neither
in tumor nor in blood DNA.

Patients with a concordance between presenting
symptoms/signs/pathologies and
symptoms/signs/pathologies leading to diagnosis

In the vast majority (n = 52, 74%) of cases, the presenting
symptoms corresponded to symptoms leading to diagnosis.
In this group, the final diagnosis was established within 1 year
in 32/52 (62%) patients. For the other 18 children, the NF2
diagnosis was secured more than 1 year later. Among these
cases with delayed diagnosis, 16 patients suffered from oph-
thalmological abnormalities and 14 patients exhibited cutane-
ous features (examples are given in Fig. 1). However, regard-
less of latency, no additional symptoms or signs were instru-
mental for initializing the diagnostic process at a later time.
Altogether, ophthalmological abnormalities were the most

common presenting symptoms (49%), followed by cutaneous
features (40%), non-VS-related neurological symptoms
(33%), and last VS-related symptoms (21%).

Presenting symptoms/finding not equal to those ini-
tializing the diagnosis process

In the remaining 18 patients of the cohort (26%), the first
presenting symptoms and pathologies did not lead to further
comprehensive examinations. Examinations resulting in the
diagnosis of NF2 were initialized later upon newly developed
symptoms/findings which were attributed to VS in most cases
(13 = 72%).

Late diagnosis in patients with a family history

Only two of 15 patients with a positive familiy history for NF2
were diagnosed early due to this fact. For the other 13 cases,
no regular monitoring was recorded despite the fact that al-
most half of them had been presented to medical institutions
before they became symptomatic. Consequently, the age at
diagnosis was even 1 year later compared with patients with-
out a family history. However, this difference was not signif-
icant (p > 0.05).

Fig. 2 a–c Examples of NF2-
associated neuropathy. a NF2-
associated neuropathy of the right
leg with muscle atrophy in an 8-
year-old patient. b, c Muscle
atrophy of the right hand due to
NF2-associated neuropathy of the
right median and ulnar nerves as
well as shortening of the arm as
presenting symptoms in a 10-
year-old patient
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Discussion

The clinical presentation in patients with neurofibromatosis type
2 is complex and variable, particularly in the pediatric age group.
This group usually comes into medical attention with features
not related to vestibular schwannoma (VS) but which are rather
non-specific and this most often not right away recognized as
feature pointing to NF2 in the differential diagnosis.

The majority of our patients exhibited ophthalmological
(49%) complaints/abnormalities and skin features (40%,

Table 1 Demographic data of 70 neurofibromatosis type 2 (NF2) patients with age < 18 years at diagnosis

Family history All Positive Negative

No of patients/tumors 70 15 55

Sex (No of female/male) 37/33 5/10 32/23

Age at in years (mean ± SD, range)

- symptom onset
- diagnosis

8 ± 6, 0–17
11 ± 5, 1–17

11 ± 5, 0–17
12 ± 4, 3–17

8 ± 5, 0–17
11 ± 5, 1–17

Latency to diagnosis in months (mean ± SD, range)

- all patients
- symptoms at onset leading to diagnosis
- symptoms at onset not leading to diagnosis
Statistical significance

34 ± 50, 0-181
23 ± 43, 0-181, n = 48
68 ± 55, 0-173, n = 18
p = 0.285

13 ± 33, 0-129. n = 15
13 ± 33, 0-129, n = 13*
-, n = 0
-

39 ± 52, 0-181
27 ± 45, 0-181, n = 35*
68 ± 55, 0-173, n = 18
p = 0.491

Detected mutation types (No of patients) In 38 patients in 11 patients in 27 patients

- splicing mutations
- nonsense mutations
- frameshifting mutations
- large genome alteration
- missense mutation
- large deletion
- duplication

10
8
13
1
0
5
1

2
0
6
1
0
1
1

8
8
7
0
0
4
0

No, number; SD, standard deviation. *Asymptomatic patients who were diagnosed due to their positive family history or incidentally after trauma were
excluded

Table 2 Details of presenting symptoms/signs of 70 children with NF2

Presenting symptom/features No of patients (%)

Ocular/vision problem
-Visual impairment/loss*a

-Strabismus*b

VS-related symptoms
-Hypacusis
-Sudden hearing loss
-Tinnitus
-Balance disorders
-Dizziness
-Hoarseness of voice
-Facial nerve palsy (due to VS)
Non-VS-related neurological symptoms
-Seizures
-Motor deficits
-Sensory deficits
-Dysarthria
-Facial nerve palsy (non-VS related)
-Back-/neck-/radiating pain
-Proptosis
Monosymptomatic/polysymptomatic
-Monosymptomatic patients
-Polysymptomatic patients (≥ 2 symptoms)
-Asymptomatic

34 (49%)
15
19
15 (21%)
10
0
1
1
1
1
1
23 (33%)
3
9
2
1
2
3
3
28 (40%)
38 (54%)
4 (6%)

Values are numbers of patients. VS, vestibular schwannoma

*a Visual impairment was tumor associated in 4 patients due to optic
nerve sheath meningiomas, in 3 patients due to intra/periorbital meningi-
omas/schwannomas. In the remaining 8 patients, the visual impairment or
was attributed to cataracts or retinal hamartomas/maculopathy

*b Strabismus was idiopathic in 15 cases and tumor associated in 4 cases

Table 3 Causal pathology for presenting symptom/feature

Pathology/feature No of patients

Cutaneous plexiform schwannoma 27 (39%)
Vestibular schwannoma 15 (21%)
Intracranial meningioma 8 (15%)
Cataract 6
Retinal hamartoma/maculopathy 5
Neuropathy/muscle atrophy 5
Peripheral nerve schwannoma*a 4
Intracranial non-VS schwannoma 4
Cerebral dysplasia 2
Café-au-lait spots 1
Bifrontal angiomatosis 1
Intracranial astrocytoma 1
Spinal meningioma 1
Spinal ependymoma 1
Ischemic brainstem stroke 1
SAH bleeding due to aneurysm 1

*a Subcutaneous or intramuscular peripheral schwannoma which were
palpable or visible for the patients/examiner
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examples are illustrated in Fig. 1), followed by non-VS-
related (33%) and last VS-related (21%) neurological symp-
toms. This clinical spectrum largely differs from that of later
adolescents and adult NF2 patients who commonly present
with symptoms attributable to VS [12, 15, 17].

Studies almost 30 years ago reported these findings that non-
VS symptoms can be detected a young age and lead to early
diagnosis [6]; however, these observations have not made it
into common knowledge of pediatricians, pediatric neurosur-
geons, and pediatric neurologists, as this often can be observed
in rare disease, where the individual physician outside of cen-
ters only sees very few patients, if at all, during his career.

NF2 suspicion should always be raised in children with
non-VS-related neurological symptoms attributed to other
NF2-associated tumors including intracranial or spinal me-
ningiomas (examples are illustrated in Fig. 3), non-VS
schwannomas, or peripheral schwannomas. Especially
since sporadic meningiomas in children are extremely rare
[18] while frequent in NF2 [17, 19], they can be regarded
as clear indiction for a suspicion of NF2 and should be
prompted by further investigations like high-resolution
MRI of the posterior fossa to detect very small
intracanalicular VS, spinal MRI to detect schwannomas
or ependymomas, detailed skin examination, and ophthal-
mological consultation.

Other features such as “isolated occurrence” of spinal
intradural, paraspinal or peripheral nerve sheath tumors
(schwannomas, not neurofibromas), or intramedullary
ependymomas [6, 19] may also cause symptoms earlier than

VS. Therefore, such occurrence should as well be considered
as indication for a NF2 surveillance.

In general, children with a positive family history are
diagnosed earlier [17]. To our surprise, a positive family
history in our cohort was associated with a delayed diag-
nosis of about 1 year to children without a family history,
though the difference was not statistically significant.
Seven out of the 13 patients with a family history were
registered in NF2 referral centers but did not follow the
recommended monitorings nor the recommendation to
screen the asymptomatic children.

This highlights the fact that despite or perhaps because
of the experience of one parent with the problems, disad-
vantages, and negative psychological effects of coping
with a life-changing burden of a non-curable genetic dis-
ease, children are not monitored early in life. Since NF2
patients are intellectually fully functional and not different
from the general population, we suspect that rather the
second mechanism of wanting to protect the children as
along as possible from the shadow NF2 will casts on their
life, makes parents to ignore the recommendations of ear-
ly MRI and hearing monitoring at an age of perhaps 6–8
years, when children can cope with a MRI without seda-
tion and would be compliant enough for hearing tests.
Although this is understandable from the protective moti-
vation all parents carry regarding their children, it seems
necessary that NF centers in counseling their patients
should spend more time on counseling regarding the chil-
dren of their patients.

Fig. 3 a–d Examples of NF2-
associated intracranial
meningioma manifestations. a
Symptomatic right-sided
intraorbital meningioma in a 4-
year-old boy with proptosis and
visual loss as presenting
symptom. b Meningioma of the
craniocervical transition in a 10-
year-old NF2 patient. c, d Jugular
tubercle meningioma with
craniocervical extension along the
right vertebral artery which was
symptomatic by dysphagia due to
paresis of the hypoglossal and
glossopharyngeal nerve with
atrophy of the right tongue in a 8-
year-old girl
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The positive mutation rate of over 90% in our pediatric
cohort is very high, compatible to that known in familial cases
[20]. For comparison, the detection rate was 51% in unselect-
ed NF2 patients without family history in the same previous
study [20]. This high rate in our cohort may reflect the low
frequency of mosaicism in patients with early onset of the
disease. This is because mosaicism shifts the clinical spectrum
of NF2 toward the mild end and consequently late onset of
symptoms is a key parameter for mild phenotypes. The high
rate of identifying a mutation provides a strategy for cases
presenting non-specific symptoms of NF2 but not yet fulfill-
ing the classical diagnostic criteria. Therefore, parents can be
counseled or send to genetic counseling in case of tumor man-
ifestations typical for NF2 or the indetification of a typical
skin schwannoma.

A truncating NF2 mutation is the ultimate evidence for the
diagnosis of NF2 [21]. However, it should be emphasized that
the non-detection of a mutation is not an evidence against the
diagnosis. For such cases, extensive clinic and radiological
examinations are essential.

Due to the rare occurrence of NF2 in the populations
and the frequent unspecific early symptoms such as oph-
thalmological and cutaneous abnormalities, the diagnosis
of NF2 in children remains challenging. Consequently,
extensive clinical experience and expertise in the field of
NF2 play an important role in this process. It is therefore
advisable to refer suspicious cases to specialized centers
or specialists where the patients receive comprehensive
examination and interdisciplinary consideration covering
multiple aspects including genetics, oncology, radiology,
ophthalmology, dermatology, neurology, and off course
hearing. Overlooking and underestimating non-specific
symptoms in children may lead to relevant delays in di-
agnosing NF2 with the consequent of wasting valuable
time for early medical and surgical treatment to protect
the patients of the NF2 effects as long as possible. This
particularly important for the management of bilateral
vestibular schwannomas since early and close monitoring
of the tumor growth and hearing as well as an intervention
at an “ideal time” is the basis for better chances of hearing
preservation.

Funding information Open Access funding provided by Projekt DEAL.
This project was financially supported by the intramural TÜFF-program
of the Medical Faculty Tübingen (2565-0-0).

Data availability All data is included in this work.

Compliance with ethical standards

The Ethics Board of the Medical Faculty and the University Hospital of
Tübingen approved this retrospective analysis (No. 018/2019BO2).

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Evans DG, Moran A, King A, Saeed S, Gurusinghe N, Ramsden R
(2005) Incidence of vestibular schwannoma and neurofibromatosis
2 in the North West of England over a 10-year period: higher inci-
dence than previously thought. Otol Neurotol 26:93–97

2. Evans D, Howard E, Giblin C, Clancy T, Spencer H, Huson S,
Lalloo F (2009) Birth incidence and prevalence of tumour prone
syndromes: estimates from UK genetic family register service. AM
J Med Gen 152A:327–332

3. Trofatter JA, MacCollin MM, Rutter JL, Murrell JR, Duyao MP,
Parry DM, Eldridge R, Kley N, Menon AG, Pulaski K et al (1993)
A novel moesin-, ezrin-, radixin-like gene is a candidate for the
neurofibromatosis 2 tumor suppressor. Cell 75:826

4. Rouleau GA, Merel P, Lutchman M, Sanson M, Zucman J,
Marineau C, Hoang-Xuan K, Demczuk S, Desmaze C, Plougastel
B, Pulst SM, Lenoir G, Bijlsma E, Fashold R, Dumanski J, Jong P,
Parry D, Eldrige R, Aurias A, Delattre O, Thomas G (1993)
Alteration in a new gene encoding a putative membrane-
organizing protein causes neuro-fibromatosis type 2. Nature 363:
515–521

5. Asthagiri AR, Parry DM, Butman JA, Kim HJ, Tsilou ET, Zhuang
Z, Lonser RR (2009) Neurofibromatosis type 2. Lancet 373:1974–
1986

6. Mautner VF, Tatagiba M, Guthoff R, Samii M, Pulst SM (1993)
Neurofibromatosis 2 in the pediatric age group. Neurosurgery 33:
92–96

7. Evans DG, Huson SM, Donnai D, Neary W, Blair V, Newton V,
Harris R (1992) A clinical study of type 2 neurofibromatosis. Q J
Med 84:603–618

8. Ruggieri M, Pratico AD, Serra A, Maiolino L, Cocuzza S, Di
Mauro P, Licciardello L, Milone P, Privitera G, Belfiore G, Di
Pietro M, Di Raimondo F, Romano A, Chiarenza A, Muglia M,
Polizzi A, Evans DG (2016) Childhood neurofibromatosis type 2
(NF2) and related disorders: from bench to bedside and biologically
targeted therapies. Acta Otorhinolaryngol Ital 36:345–367

9. Anand G, Vasallo G, Spanou M, Thomas S, Pike M, Kariyawasam
DS, Mehta S, Parry A, Durie-Gair J, Nicholson J, Lascelles K,
Everett V, Gibbon FM, Jarvis N, Elston J, Evans DG, Halliday D
(2018) Diagnosis of sporadic neurofibromatosis type 2 in the pae-
diatric population. Arch Dis Child 103:463–469

10. Choi JW, Lee JY, Phi JH, Wang KC, Chung HT, Paek SH, Kim
DG, Park SH, Kim SK (2014) Clinical course of vestibular
schwannoma in pediatric neurofibromatosis Type 2. J Neurosurg
Pediatr 13:650–657

11. Evans DG, Birch JM, Ramsden RT (1999) Paediatric presentation
of type 2 neurofibromatosis. Arch Dis Child 81:496–499

2469Childs Nerv Syst (2020) 36:2463–2470

http://creativecommons.org/licenses/by/4.0/


12. Matsuo M, Ohno K, Ohtsuka F (2014) Characterization of early
onset neurofibromatosis type 2. Brain Dev 36:148–152

13. Ruggieri M, Gabriele AL, Polizzi A, Salpietro V, Nicita F, Pavone
P, Platania N, Milone P, Distefano A, Privitera G, Belfiore G,
Granata F, Caltabiano R, Albanese V, Pavone L, Quattrone A
(2013) Natural history of neurofibromatosis type 2 with onset be-
fore the age of 1 year. Neurogenetics 14:89–98

14. Gugel I, Mautner VF, Kluwe L, Tatagiba MS, Schuhmann MU
(2018) Cerebrovascular insult as presenting symptom of neurofi-
bromatosis type 2 in children, adolescents, and young adults. Front
Neurol 9:733

15. Baser ME, Friedman JM, Joe H, Shenton A, Wallace AJ, Ramsden
RT, Evans DG (2011) Empirical development of improved diag-
nostic criteria for neurofibromatosis 2. Genet Med 13:576–581

16. Gugel I, Grimm F, Liebsch M, Zipfel J, Teuber C, Kluwe L,
Mautner VF, Tatagiba M, Schuhmann MU (2019) Impact of sur-
gery on long-term results of hearing in neurofibromatosis type-2
associated vestibular schwannomas. Cancers 11

17. Gaudioso C, Listernick R, Fisher MJ, Campen CJ, Paz A, Gutmann
DH (2019) Neurofibromatosis 2 in children presenting during the
first decade of life. Neurology 93:e964–e967

18. Dudley RWR, Torok MR, Randall S, Beland B, Handler MH,
Mulcahy-Levy JM, Liu AK, Hankinson TC (2018) Pediatric versus
adult meningioma: comparison of epidemiology, treatments, and
outcomes using the Surveillance, Epidemiology, and End Results
database. J Neurooncol 137:621–629

19. MacCollin M, Mautner VF (1998) The diagnosis and management
of neurofibromatosis 2 in childhood. Semin Pediatr Neurol 5:243–
252

20. Kluwe L, Mautner VF (1998) Mosaicism in sporadic neurofibro-
matosis 2 patients. Hum Mol Genet 7:2051–2055

21. Evans DGR, Salvador H, Chang VY, Erez A, Voss SD, Druker H,
Scott HS, Tabori U (2017) Cancer and central nervous system tu-
mor surveillance in pediatric neurofibromatosis 2 and related disor-
ders. Clin Cancer Res 23:e54–e61

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

2470 Childs Nerv Syst (2020) 36:2463–2470


	Presenting symptoms in children with neurofibromatosis type 2
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Patient cohort

	Results
	Patients with a concordance between presenting symptoms/signs/pathologies and symptoms/signs/pathologies leading to diagnosis
	Presenting symptoms/finding not equal to those initializing the diagnosis process
	Late diagnosis in patients with a family history

	Discussion
	References


