
ABSTRACT
Objective: This review aims to consolidate existing knowledge about schwannomatosis in cranial nerves and to detail the evolution of diagnostic 
criteria for this rare variant of neurofibromatosis. To our knowledge, this represents the inaugural comprehensive literature review focusing on 
this less recognized neurofibromatosis form.
Methods: We performed a thorough search of the PubMed database, managed by the National Library of Medicine, reviewing literature from May 
1984 through January 15, 2024. Our search criteria included various combinations of terms related to each cranial nerve, along with "multiple," 
"schwannoma," "neurilemmoma," "nerve sheath tumor," "Schwann cell tumor," "Schwannomatosis," and "Neurofibromatosis type 3." This ex-
tensive review is further complemented by a case study of a 58-year-old Chinese woman with a previous diagnosis of nasopharyngeal carcinoma, 
who presented with a cervical mass. Histological analysis confirmed this mass as schwannomatosis of the vagus nerve, distinguished by multiple 
fusiform enlargements.
Results: We identified fifteen articles that, along with our case report, discuss a total of 18 cases of cranial nerve schwannomatosis. The distri-
bution of cases includes the trigeminal nerve (7 cases), vagus nerve (6 cases), facial nerve (3 cases), and single cases involving the oculomotor, 
trochlear, glossopharyngeal, and spinal accessory nerves. Two of the cases featured concurrent involvement of multiple nerves. Predominantly 
reported in males, the diagnosis is most frequently made between the fifth and sixth decades of life. Only one case reported a positive family 
history of the SMARCB1 mutation. Recurrence occurred in one patient, and no cases of malignant schwannomas were reported.
Conclusion: Schwannomatosis should be considered in the differential diagnosis for patients presenting with multiple schwannomas or extensive 
involvement of a single nerve, especially those not meeting the criteria for neurofibromatosis type 2. The implications for malignancy risk, surveil-
lance, genetic testing, and counseling are significant and distinct from other forms of neurofibromatosis. As diagnostic criteria continue to evolve, 
it is crucial for clinicians to stay updated with the latest developments in the field.

INTRODUCTION

Schwannomatosis, often referred to as neurofibromatosis type 3, rep-
resents a rare but significant category within the broad array of neuro-
fibromatosis disorders. These genetic conditions are notable for their 
predisposition to fostering the development of neurogenic tumors. In 
contrast to neurofibromatosis type 2, which is known for its association 
with vestibular nerve tumors, neurofibromatosis type 3 is predominant-
ly characterized by the proliferation of multiple schwannomas along the 
cranial, spinal, and peripheral nerves, notably sparing the vestibular nerve 
[1,2].

Previously considered a mere variant of neurofibromatosis type 2, 
schwannomatosis was recognized as a distinct entity in 1996 when mo-
lecular tumor analyses unveiled mutations in the SMARCB1 and LZTR1 
genes. This crucial breakthrough prompted the establishment of spe-
cialized diagnostic criteria for schwannomatosis in 1997, criteria which 
have been continually refined [3]. Schwannomas, the signature tumors 
of schwannomatosis, are generally benign, slow-growing, encapsulated 
growths that originate from Schwann cells. These cells are vital for the 
myelination of peripheral, cranial, and autonomic nerves. Although typ-
ically solitary, the presence of multiple schwannomas signals potential 

schwannomatosis, necessitating deeper investigation. With an estimated 
prevalence of 0.58 cases per million, this condition remains exceeding-
ly rare [4,5]. The pathogenesis of schwannomatosis adheres to a “four-
hits, three-step” model where a mutation in the remaining healthy gene 
sparks localized schwannoma growth [6,7]. Predominantly, schwannom-
atosis affects peripheral nerves, seen in 89% of cases, and spinal nerves, 
which are involved in approximately 74% of instances [1]. Although less 
common, when cranial nerves are affected, the trigeminal nerve is most 
frequently implicated [1,8,9]. This highlights the distinct patterns of nerve 
involvement in schwannomatosis, providing critical insights into the na-
ture of this rare neurofibromatosis variant.

This paper provides a detailed analysis of a definitive case of vagus 
nerve schwannomatosis and offers an extensive literature review on the 
occurrence of this condition in cranial nerves. Since its separation from 
neurofibromatosis type 2 in 1996, research on cranial nerve schwan-
nomatosis has been limited. Our study contributes critical insights into 
the clinical features and management of this rare disorder, pinpointing 
substantial research gaps. Additionally, we explore the evolution of diag-
nostic criteria and recent advancements in the field, aiming to enhance 
understanding and direct future research in diagnosing and managing 
schwannomatosis. This effort is essential for enriching clinical practice 
and propelling the research landscape forward in this specialized area.
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METHODS

Ethical Standards in Retrospective Analysis
In this retrospective analysis, we reviewed electronic medical records and 
archived histological slides from a patient treated by the senior author 
at our institution. Approval from the Institutional Review Board (IRB) was 
not required per our institutional guidelines; however, written informed 
consent was secured from the patient, ensuring adherence to ethical 
standards.

Research Protocol for Literature Review
For our literature review, we followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines, as detailed in 
Figure 1. We conducted a detailed search of the PubMed database, which 
is managed by the National Library of Medicine, spanning literature from 
May 1984 to January 15, 2024. Our search strategy employed both text 
words and Medical Subject Headings (MeSH) to facilitate a structured and 
thorough exploration of the literature.

Search Strategy
We crafted our search strategy to include specific terms for each cranial 
nerve by name and number, such as “olfactory nerve” and “Cranial nerve 
1.” These terms were linked with keywords that indicate the presence of 
multiple tumors or describe specific types of tumors, using the Boolean 
operator “AND.” The keywords we used included “multiple,” denoting 
more than one tumor; “schwannoma” and “neurilemmoma,” both refer-

ring to types of benign tumors that arise from nerve sheath cells; “nerve 
sheath tumor,” a broad term for tumors that develop from the protective 
coverings of nerves; and “Schwann cell tumor,” specifically relating to tu-
mors originating from Schwann cells, which are essential for nerve fiber 
insulation outside the central nervous system.

Our selection criteria were guided by the clinical diagnostic criteria for 
schwannomatosis, as revised in 2006 by Baser et al. [10]. This approach 
was preferred over more recent molecular diagnostic techniques to en-
sure that our review focused on clinically relevant data, providing a com-
prehensive overview of the condition’s diagnostic challenges and charac-
teristics.

Study Selection Process
Authors JYL and ML initially identified 947 records, from which 553 du-
plicates were removed, leaving 394 studies for abstract review. Of these, 
17 articles underwent full examination. Any discrepancies were resolved 
through consultation with the senior author, HXY.

Exclusion Criteria
Of the studies reviewed, 377 were excluded for various reasons: four dis-
cussed non-human subjects, eight were not in English, 260 did not pertain 
directly to our topic of interest (covering intra-operative neuromonitoring, 
radiological evaluations, and post-operative neurological management), 
and 99 did not meet the criteria for schwannomatosis (42 did not involve 
multiple schwannomas, and 57 were related to neurofibromatosis types 
1 or 2, or vestibular schwannomas). Additionally, one case of orbital 
schwannoma was excluded for not originating from a cranial nerve, four 

Figure 1. Systematic selection flowchart according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. This flowchart graphically details 
the methodical approach of conducting a literature review, starting with an extensive search in the PubMed database (947 articles identified). The process rigorously applies the PRIS-
MA standards, filtering out duplicates (553 articles removed) and excluding studies not meeting specific criteria related to language and cranial nerve origin (377 articles excluded). 
The focus narrows to 17 articles directly related to cranial nerve schwannomatosis, with 15 articles ultimately meeting all criteria for thorough review.
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were excluded for discussing hybrid neurofibromas, and one for involving 
a glioblastoma.

Final Study Inclusion
Ultimately, 15 studies satisfied all inclusion criteria and were selected for 
our comprehensive review. Within these studies, individual cases were 
meticulously analyzed and subjected to the previously mentioned ex-
clusion criteria. Notably, this process identified a unique case involving 
a hybrid neurofibroma and schwannoma [11]. This selective approach 
ensures a focused and detailed examination of relevant literature, con-
tributing to a robust understanding of schwannomatosis.

RESULTS

Case Report
A 58-year-old Chinese woman previously treated for nasopharyngeal can-
cer presented with a left neck mass during routine surveillance scans. At 
53, she was diagnosed with left-sided T1N3bM0 undifferentiated non-ke-
ratinizing squamous cell nasopharyngeal carcinoma and underwent con-
current chemotherapy and radiotherapy. She lacked a family history of 
neurocutaneous tumors and showed no neurofibromatosis-related phys-
ical signs such as café-au-lait spots or Lisch nodules. Post-treatment in 
2013, she remained compliant with follow-ups and showed no signs of 
disease recurrence.

Diagnostic procedures
Five years after completing treatment, concerns regarding the effacement 
of the right Fossa of Rosenmüller emerged, necessitating further diagnos-
tic imaging. Enhanced computed tomography (CT) scans of the neck re-
vealed a heterogeneously enhancing lesion on the left side (Figure 2A). 
Subsequent magnetic resonance imaging (MRI) studies of the neck, using 
T1-weighted post-contrast techniques, identified a contrast-enhancing 
lesion adjacent to the left thyroid lobe (Figure 2B). T2-weighted MRI imag-
es further characterized the left neck lesion as heterogeneously hyperin-
tense, with well-defined, circumscribed margins (Figure 2C). 

Despite these findings, positron emission tomography (PET) scans 
showed no significant 18-fluorodeoxyglucose (FDG) uptake; however, in-
creased FDG activity was observed in the right postnasal space. The mass 
raised suspicions of a centrally attenuated lymph node, which could po-
tentially indicate nodal recurrence, especially given the patient’s history 
of cancer. However, a biopsy from the postnasal space returned negative 

for malignancy, and fine needle aspiration of the left level IV mass was 
non-diagnostic. Additional MRI scans covering the internal acoustic me-
atus and skull base revealed no evidence of vestibular schwannomas.

Surgical intervention
Subsequent surgical interventions revealed a 2 cm fusiform cystic mass 
between the thyroid gland and internal jugular vein, contiguous with the 
vagus nerve. Histology from a frozen section suggested a schwannoma. 
Deep biopsies down to the prevertebral fascia showed no tumor recur-
rence, and the vagus nerve was reconstructed with a greater auricular 
nerve cable graft.

Histological analysis
Histological analysis of the vagus nerve specimen revealed multiple dis-
crete fusiform enlargements with spindle cells in Antoni A and Antoni B 
areas, diagnostic of schwannomas and positively stained for S-100, con-
trasting with the regular morphology of uninvolved nerve fibers (Figure 
3). The schwannomas tested negative for CD34 and AE1/3. With multiple 
schwannomas confirmed and no evidence of vestibular involvement, the 
diagnosis was schwannomatosis. 

Postoperative outcome and follow-up
Following the surgical procedure, the patient experienced a postoperative 
complication characterized by paralysis of the left vocal cord. Subsequent 
monitoring revealed no evidence of disease recurrence. The patient’s con-
dition remained stable in this context until her death in December 2020, 
which was attributed to a distinct medical condition unrelated to the orig-
inal diagnosis.

Literature Review
Our literature review identified 16 relevant papers [11–26]. However, one 
paper [12], which detailed two cases involving the superior orbit, was ex-
cluded. It did not directly pertain to the optic nerve and therefore was not 
considered indicative of cranial nerve schwannomas. Consequently, a to-
tal of 15 papers described schwannomatosis of the cranial nerves (Table 
1). Of these, fourteen were single-case reports, and one was a case series 
that described three cases, collectively accounting for 17 cases of cranial 
nerve schwannomatosis. Including our reported case, 18 cases of cranial 
nerve schwannomatosis were analyzed. The distribution was as follows: 
trigeminal nerve (7 cases), vagus nerve (6 cases), facial nerve (3 cases), 
and then one case each involving the oculomotor, trochlear, glossopha-
ryngeal, and spinal accessory nerves. Two cases exhibited concurrent in-
volvement of more than one nerve: one case involved both the trigeminal 

Figure 2. Imaging of the left neck lesion. (A) A contrast-enhanced CT scan of the neck shows a left-sided neck lesion (indicated by a white arrow), which displays heterogeneous 
enhancement with contrast material. (B) A T1-weighted, post-contrast MRI of the neck reveals a lesion (white arrow) with contrast enhancement situated laterally to the left thyroid 
lobe. (C) On a T2-weighted MRI of the neck, the same lesion (white arrow) is seen as heterogeneously hyperintense and appears to have a well-circumscribed boundary with clearly 
defined margins.
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Table 1. Comparative Review of Cranial Nerve Schwannomatosis Cases in Literature

Case No. Age Sex Presentation Past history Clinical findings Tumor distribution Treatment Follow-up/Progress Family history

1 [13] 13 F Headache and 
left-sided facial 
palsy

NA Notable presentation of 
headache accompanied 
by left-sided facial palsy, 
determined to be inde-
pendent of the tumor.

Bilateral involvement 
of pterygoid canals 
and vidian nerve 
observed.

NA NA NA

2 [14] 23 F Incidental 
lesion on pan-
oramic radio-
graph; 5-month 
history of 
paresthesia 
of mandibular 
branch of tri-
geminal nerve 
(V3) distribu-
tion.

NA Left V3 hypoesthesia 
noted. Additionally, 
superficial periumbilical 
nodule observed, along 
with a small café-au-lait 
spot on the abdomen 
and brown macules on 
the left leg and upper 
arm.

Lesions were identified 
along the inferior alve-
olar nerve, with distal 
lesions positioned mid-
body of the mandible 
and proximal lesions 
just proximal to the 
lingula.

Surgical 
excision

No recurrence noted 
at the 5-month inter-
val imaging. Further 
investigations under-
way for NF exclusion.

NA

3 [15] 55 M Gradual 
onset dizziness, 
hearing loss, 
tinnitus.

Previous 
left cheek 
schwannoma 
excision.

Left cranial nerves V and 
XII compromised, with 
pre-existing conditions.

Large left trigeminal 
schwannoma and right 
vagal schwannoma 
along the carotid 
sheath.

NA NA Brother had 
passed away 
at age 31 
due to brain 
tumor.

4 [11] 37 M Numbness spe-
cifically noted 
in the region in-
nervated by the 
right maxillary 
nerve (V2).

NA Chief complaint of 
numbness along the 
right maxillary branch 
of the trigeminal nerve 
(V2).

Tumor involvement 
observed in multiple 
segments along the 
trigeminal nerve, in-
cluding the prepontine 
cistern, petrous apex, 
Meckel’s cave, foramen 
rotundum, middle 
ear, jugular foramen, 
pterygopalatine fossa, 
and maxillary sinus.

Surgical 
excision

No repeat imaging 
was conducted; the 
patient experienced 
persistent numbness 
in the right maxillary 
area and reduced 
lacrimation.

NA

5 [11] 24 F Progressive 
proptosis of 
the right eye 
observed over 
a 2-year period.

NA Proptosis of the right 
eye

Tumor located within 
the left cavernous 
sinus, superior orbital 
fissure, and ophthal-
mic branch of the 
trigeminal nerve (V1).

Surgical 
excision

A small tumor recur-
rence within the orbit 
at 6 years required a 
repeat anterior orbi-
totomy for complete 
removal.

NA

6 [11] 12 F Progressive 
right eye 
proptosis and 
ptosis over 4 
years.

NA Right eye proptosis and 
ptosis

Tumor involvement 
observed in the right 
Meckel’s cave, foramen 
rotundum, pterygopal-
atine fossa, superior 
and inferior orbital 
fissures, and branches 
V1 and V2.

Surgical 
excision

No recurrence noted 
at the 1-year follow-up 
assessment.

NA

7 [16] 73 F Sudden onset 
left facial palsy 
of lower facial 
nerves.

Hypertension 
and thalamic 
ischemic 
stroke.

Weakness noted in the 
left marginal mandibular 
branch.

Multiple tumors iden-
tified within the left 
parotid gland.

Incomplete 
resection

Remnant lesions 
stable with no growth 
observed after three 
years.

NA

8 [17] 63 M Right retroman-
dibular mass 
for several 
years.

NA Patient presented with 
a longstanding painless 
mass in the right 
retromandibular region, 
with normal facial nerve 
function.

Masses identified in 
the superficial and 
deep lobes of the right 
parotid gland, measur-
ing 3.4 and 4.3 cm in 
diameter.

Surgical 
excision

Patient deceased 
several months 
post-surgery, with 
the cause remaining 
unknown.

NA

9 [18] 5 M Long history 
of difficulty 
swallowing, 
principally for 
solids, and a 
one-year histo-
ry of wasting of 
the right half of 
the tongue.

Glosso-
pharyngeal 
schwannoma 
excision was 
performed 
using a Fisch 
type A trans- 
and infra-tem-
poral fossa 
approach.

Four months after the 
initial excision, the 
patient presented with 
swelling in the right 
jugulo-omohyoid and 
post-auricular regions.

Recurrence of glosso-
pharyngeal schwanno-
ma and appearance of 
a separate schwanno-
ma at the jugulo-digas-
tric region.

Surgical 
excision

No recurrence after 
surgery.

NA
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Table 1. Continued

Case No. Age Sex Presentation Past history Clinical findings Tumor distribution Treatment Follow-up/Progress Family history

10 [19] 45 M Cervical mass 
accompanied 
by chronic 
cough persist-
ing for 1 year.

Patient 
previously 
underwent 
mediastinal 
schwannoma 
resection.

Multiple palpable mass-
es noted in the left neck 
region.

Tumors detected along 
the bilateral course of 
the vagus nerve.

Surgical 
excision

No recurrence after 
surgery. The patient 
underwent Type 1 
thyroplasty for vocal 
cord palsy following 
excision.

NA

11 [20] 40 M The right 
cervical mass 
increased in 
size over a peri-
od of 5 years.

NA A firm, non-tender 
swelling measuring 10 x 
10 cm observed over the 
right neck.

Swelling observed 
along the course of the 
right vagus nerve.

NA NA NA

12 [21] 35 M Headache Patient report-
ed multiple 
schwannomas 
involving the 
neck, groin, 
and intercos-
tal nerves.

None Vagus nerve involve-
ment observed at 
the cerebellopontine 
angle.

NA NA Schwannom-
as in father 
and sister; 
SMARCB1 
mutation 
(c.*82C>T) 
detected.

13 [22] 43 M An incidental 
finding on 
chest X-ray 
revealed a large 
shadow in the 
upper right 
lung.

NA Incidental detection of a 
large shadow on chest 
X-ray, localized over the 
upper right lung.

Tumor identified along 
the thoracic course 
of the bilateral vagus 
nerves.

Surgical 
excision

No recurrence ob-
served after 1 year.

NA

14 [23] 55 F Progressive left 
neck mass over 
8 years

NA A progressively enlarg-
ing mass over the left 
neck region.

Mass involvement ob-
served in the proximal 
and distal segments of 
the spinal accessory 
nerve.

NA NA NA

15 [24] 45 M Left ptosis Hypertension Left exotropia Left oculomotor nerve 
involvement along 
with bilateral branches 
of the trigeminal 
nerve: the maxillary 
nerve (V2) on the left 
side and the mandibu-
lar nerve (V3) on both 
sides.

NA NA NA

16 [25] 34 M Vertical 
diplopia and 
headaches.

NA Alternating hypertropia 
noted on cover-uncover 
test.

Bilateral trochlear 
nerves

Patient 
underwent 
right-sided 
stereotactic 
radiosurgery 
(12 Gy).

1-year interval MRI 
showed no changes.

NA

17 [26] 55 M Bilateral 
facial pain and 
drooling

Multiple 
sclerosis and 
basal cell 
carcinoma

NA Tumor involvement 
observed bilaterally in 
the trigeminal nerves.

Patient 
underwent 
stereotactic 
radiosurgery 
(12 Gy to 
each tumor).

6-month interval MRI 
showed no tumor 
growth.

NA

18  
(Current 
case)

58 F Incidental CT 
findings of left 
level IV lesion

Patient had 
completed 
chemoradio-
therapy for 
nasopharyn-
geal carcino-
ma.

A lesion on CT scan, 
localized to the left level 
IV region of the neck.

Tumor involvement 
observed in the left 
vagus nerve and neck 
level IV.

Tumor 
excision

No recurrence was 
observed. The patient 
passed away in De-
cember 2020.

NA

Abbreviations: CT, computed tomography; F, female; Gy, gray; M, male; MRI, magnetic resonance imaging; NA, not applicable; NF, neurofibromatosis; V1, ophthalmic branch of the trigem-
inal nerve; V2, maxillary branch of the trigeminal nerve; V3, mandibular branch of the trigeminal nerve.
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and vagus nerves, and another involved both the oculomotor and bilater-
al trigeminal nerves. There were no reports of schwannomatosis affecting 
the abducens or hypoglossal nerves.

Demographics and clinical presentation 
Schwannomatosis was more frequently reported in males [11] com-
pared to females [7]. The age at diagnosis for cranial nerve schwanno-
mas ranged from 5 to 73 years, with the majority of diagnoses occurring 
between the fifth and sixth decades of life. Only one of the cases (Case 
12) had a confirmed positive family history with an SMARCB1 mutation. 
Additionally, Case 3 involved a patient whose brother had a history of a 
brain tumor, which may be related to his diagnosis of schwannomatosis, 
though the information available is insufficient for a definitive conclusion. 
Clinical manifestations of the disease varied and included symptoms such 
as headaches, facial palsy, numbness, and proptosis. Medical histories of 
the patients were diverse, with clinical findings often including facial pal-
sy, hypoesthesia, and cervical masses. The tumors were located in areas 
such as the pterygoid canals, cavernous sinus, and parotid gland.

Treatment and histological findings 
In 15 cases, the schwannomas were surgically removed, and the histolog-
ical analysis consistently identified characteristics of schwannomas, such 
as palisading nuclei along with Antoni A and Antoni B tissue patterns. All 
specimens tested positive for S-100 protein on immunohistochemical 
staining and showed no signs of malignancy. Genetic analysis was con-
ducted in only one case (Case 12), prompted by a significant family histo-
ry, which identified a germline mutation (c.*82C>T) in SMARCB1. Two oth-
er cases underwent stereotactic radiosurgery without surgical excision, 
while the treatment approach was not reported in one case.

Recurrence and follow-up
Recurrence was reported in one of the 18 patients (Case 5), occurring 
approximately six years after the initial resection. Another case (Case 7) 
involved incomplete resection; however, no growth of the residual tumor 
was observed at the three-year mark. Five cases showed no recurrence 
after a monitoring period ranging from a minimum of five months to a 
maximum of six years (Cases 2, 6, 9, 13, and 15). Six cases had no reported 
surveillance for recurrence (Cases 1, 3, 10, 11, 12, and 14), and in two cas-
es, the patients either defaulted on follow-up or demised (Cases 4 and 8). 
None of the 18 patients were diagnosed with malignant schwannomas.

DISCUSSION

Schwannomatosis, a rare hereditary genetic disorder, is cataloged un-
der the code 162091 in the Mendelian Inheritance in Man (MIM) data-

base. This review is notably the first to focus exclusively on cranial nerve 
schwannomatosis, underscoring its significance in medical research and 
clinical practice. Understanding this disorder is critical, especially for de-
termining how frequently patients should be monitored and the criteria 
for intervention, whether surgical or otherwise. We have analyzed 18 cas-
es documented in the literature that specifically address schwannomato-
sis affecting cranial nerves.

Among these cases, the trigeminal and vagus nerves were identified 
as the most commonly impacted. This finding deviates from the usual 
prevalence of schwannomas, where vestibular schwannomas dominate, 
followed by those affecting the trigeminal, facial, glossopharyngeal, va-
gus, and spinal accessory nerves. The unique pattern of nerve involve-
ment observed in cranial nerve schwannomatosis could be attributed to 
the limited number of cases available for study, which may not provide a 
robust enough sample size to accurately mirror true nerve involvement. 
Furthermore, the exclusion of three non-English reports [27–29] concern-
ing schwannomatosis of the trigeminal and facial nerves might have in-
fluenced the observed distribution of nerve involvement, suggesting po-
tential underreporting or selective documentation in available literature.

Unique Schwannomatosis Case Presentation
Our case study highlights a 58-year-old Chinese woman diagnosed with 
schwannomatosis of the vagus nerve, which is recognized as the sec-
ond-most commonly affected cranial nerve in such conditions. This case 
is distinguished by its unique circumstances: the patient had previously 
undergone chemoradiotherapy for nasopharyngeal carcinoma, and the 
schwannomatosis was incidentally detected during a routine evaluation 
for possible malignancy recurrence. 

This differs from other reported instances of vagus nerve schwanno-
matosis, such as Cases 3 and 10, where patients typically presented with 
palpable neck masses. In contrast, our patient had no prior significant 
medical history of schwannoma-related lesions and showed no symp-
toms attributable to the schwannoma. The lesion was surgically removed 
primarily to rule out the possibility of nodal recurrence of the nasopha-
ryngeal cancer, even though the patient was asymptomatic. This scenario 
underscores the incidental nature of some schwannomatosis diagnoses, 
particularly in individuals with complex oncological histories, and high-
lights the importance of diligent differential diagnosis in post-cancer sur-
veillance.

Olfactory Nerve Involvement in Schwannomas
Traditionally, olfactory nerves are thought to be exempt from schwanno-
matosis due to their lack of a myelin sheath. Despite this, there are doc-
umented case reports of olfactory schwannomas [30,31], though these 
do not meet the established criteria for schwannomatosis. Kim DY et al. 

Figure 3. Histopathological characteristics of schwannoma. (A) The image presents tightly packed spindle cells and the characteristic Verocay bodies, indicative of schwannoma 
(hematoxylin-eosin stain, 20x). (B) The view exhibits spindle cells with distinct nuclear palisading around Verocay bodies, a hallmark of schwannoma (hematoxylin-eosin stain, 20x). (C) 
The field shows the juxtaposition of hypercellular Antoni A areas with the myxoid, hypocellular Antoni B regions, typical in schwannoma (hematoxylin-eosin stain, 2x). (D) The section 
depicts a well-defined nodule of spindle cells, illustrating the variation in cellularity that includes regions characteristic of both Antoni A and B patterns, consistent with schwannoma 
(hematoxylin-eosin stain, 20x).
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[31] have introduced two theories to explain these rare occurrences. The 
developmental hypothesis suggests that mesenchymal pial cells might 
migrate into ectodermal Schwann cells within the central nervous system. 
Alternatively, the non-developmental hypothesis argues that olfactory 
schwannomas could stem from adjacent structures, such as the perivas-
cular nerve plexus. Additionally, Murakami et al. [30] theorize that the ori-
gin of such schwannomas may be the nerve sheath located approximate-
ly 0.5 mm beyond the olfactory bulb, proposing a potential anatomical 
site for these unusual schwannomas.

Optic Nerve Involvement in Schwannomas
Theoretically, schwannomas of the optic nerve are considered improb-
able, as these nerves are myelinated by oligodendrocytes rather than 
Schwann cells. However, a hypothesis suggests that the rare instances of 
schwannomas may arise from small sympathetic fibers that innervate the 
surrounding vasculature [32]. Our review identified several cases of or-
bital schwannomas [12], but it remains uncertain whether these tumors 
originated directly from the optic nerve or from other nearby cutaneous 
or autonomic nerves. This ambiguity highlights the complexity of diagnos-
ing and understanding schwannomas in regions where multiple nerve 
types coexist.

Recurrence and Surgical Techniques
Recurrence was documented in only one of our 18 cases (Case 5), approx-
imately six years after the initial surgical resection. This instance suggests 
that the overall rate of recurrence might be underestimated within this 
cohort, given that most cases had not yet reached such an extended dura-
tion of follow-up at the time of our study’s publication. Additionally, many 
reports lacked specific surgical details, including whether procedures in-
volved intracapsular excision or complete excision of the nerve of origin. 
This omission is crucial because intralesional resection is known to have 
a fourfold higher risk of recurrence compared to en bloc resection, where 
the entire nerve segment is removed [33]. The lack of detailed surgical 
data highlights the need for thorough documentation in clinical practice 
to better understand and mitigate the risk of schwannoma recurrence.

Malignant Transformation Risks
In our review, none of the cases demonstrated features indicative of ma-
lignant transformation. However, it is important to note that while the 
risk of malignant transformation in schwannomas not linked to genetic 
syndromes is typically less than 1% [34], this risk could be higher in cases 
associated with neurofibromatosis type 3, though the exact level of in-
creased risk is not well-defined. Moreover, schwannomatosis involving 
the SMARCB1 mutation may present an even greater risk of malignant 
transformation [35]. These considerations highlight the complexity of 
managing schwannomatosis, emphasizing the need for vigilant monitor-
ing and tailored therapeutic approaches based on genetic background 
and individual risk factors.

Evolution of Diagnostic Criteria and Recent Updates
Since 1996, schwannomatosis and neurofibromatosis type 2 have been 
recognized as distinct disorders, each defined by unique clinical features 
[3]. Neurofibromatosis type 2 is catalogued in the Mendelian Inheritance 
in Man (MIM) database under the identifier 101000. This MIM number is 
a unique code used to classify genetic disorders, helping to provide clear, 
accessible information about their genetic basis and clinical character-
istics. Over the years, the diagnostic criteria for schwannomatosis have 
undergone significant evolution, as detailed in various studies (Table 2) 
[2,3,10,36–43]. 

Initially, in 2005, MacCollin et al. proposed diagnostic criteria that 
excluded the presence of vestibular schwannomas, even in unilateral 
cases [2]. Despite this exclusion, individuals with schwannomatosis still 

face a risk comparable to the general population for developing vestib-
ular schwannomas, particularly after age 50 [10,18,44]. However, the 
occurrence of bilateral vestibular schwannomas before age 50 typically 
suggests neurofibromatosis type 2 [45]. Recent updates have refined 
the diagnostic criteria for schwannomatosis to exclude bilateral vestib-
ular schwannomas, following observations of such tumors in both LZ-
TR1-schwannomatosis [36] and non-LZTR1 schwannomatosis [46]. These 
changes highlight the critical role of genetic analysis in patients presenting 
with multiple schwannomas [37].

MacCollin et al. categorized schwannomatosis into two distinct types. 
Familial schwannomatosis is identified by the presence of one or more 
schwannomas in a first-degree relative. Conversely, sporadic schwanno-
matosis occurs in individuals who do not have affected family members 
[2,47]. Unlike neurofibromatosis type 2, patients with schwannomatosis 
do not show germline NF2 gene mutations but instead display different 
somatic variants across multiple tumors [48]. Inheritance patterns remain 
unclear, with sporadic schwannomatosis accounting for the majority of 
cases and familial schwannomatosis for 15–25% [37].

Genetic studies have identified two predisposing genes, SMARCB1 and 
LZTR1, both located on chromosome 22q, centromeric to NF2. Notably, 
mutations in SMARCB1 occur in 40–50% of familial schwannomatosis cas-
es and 8–10% of sporadic schwannomatosis cases [38], while mutations 
in LZTR1 are present in all familial schwannomatosis cases and 70% of 
sporadic schwannomatosis cases [37]. Overall, mutations in SMARCB1 
and LZTR1 are found in 70–85% of familial schwannomatosis cases and 
in 30–40% of sporadic cases, demonstrating a significant overlap with 
mosaic neurofibromatosis type 2 [35]. Evans et al. have noted that 37% 
of de novo cases meeting the criteria for schwannomatosis could be at-
tributed to mosaic neurofibromatosis type 2 [49]. This high incidence of 
mosaicism, along with issues of variable penetrance, emphasizes the ne-
cessity for comprehensive genetic studies. Such analyses are crucial not 
only for assessing the risk of malignant transformation [9,50,51], but also 
for identifying related manifestations in tumor syndromes.

ERN GENTURIS Management Guidelines
In April 2022, the European Reference Network on Genetic Tumour Syn-
dromes (ERN GENTURIS) released detailed recommendations for man-
aging schwannomatosis [35]. Although these guidelines broadly cover 
schwannomatosis, they are particularly relevant to cranial nerve schwan-
nomatosis and offer substantial guidance. The guidelines prioritize the 
management of functionally significant schwannomas and those with 
potential for malignant transformation, emphasizing the importance of 
tailored treatment plans.

Diagnostic and surveillance protocols
The preferred imaging modality for early detection and management 
planning is MRI rather than PET scans. It is recommended that a com-
prehensive craniospinal MRI be conducted as a baseline in late childhood 
to facilitate timely diagnosis and effective intervention strategies. This 
approach ensures detailed visualization of cranial and spinal structures, 
which is crucial for accurate assessment and proactive management. 

Follow-up MRIs are typically recommended every 2 to 3 years, based 
on clinical judgment, with more frequent monitoring needed if symptoms 
intensify or evolve. Additionally, MRI scans of the internal acoustic meatus 
with fine cuts are essential at the initial diagnosis to exclude bilateral ves-
tibular schwannomas, indicative of neurofibromatosis type 2. However, 
the presence of a unilateral vestibular schwannoma does not rule out 
schwannomatosis, especially in cases associated with the LZTR1 variant, 
necessitating nuanced diagnostic assessments.

El Sayed et al. have identified tumors with growth rates exceeding 2 
cm3 per year or a relative growth rate of more than 35% per year as indic-
ative of rapid growth [52]. Despite this finding, ERN GENTURIS does not 
consider rapid growth alone as a criterion for intervention. Yet, in the con-
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Table 2. Evolution of Diagnostic Criteria for Schwannomatosis1

Diagnosis Research criteria  
(1997) [3]

Consensus criteria  
(2005) [2]

Revised clinical criteria  
(2006) [10]

Proposed criteria  
(2011) [37]

Additional considerations  
(not formal criteria)

Molecular 
diagnosis

NA NA NA 	Multiple Tumors
	Two or more pathologically 

confirmed schwannomas 
or meningiomas.

	Genetic analysis of at least 
two tumors showing loss 
of heterozygosity (LOH) 
for chromosome 22 and 
distinct NF2 mutations in 
each.

	A common SMARCB1 muta-
tion defines SMARCB1-asso-
ciated schwannomatosis.

	Single Tumor
	One pathologically con-

firmed schwannoma or 
meningioma.

	A germline pathogenic 
mutation in SMARCB1.

	SMARCB1-schwannomatosis
	Constitutional variants: 

found in 40–50% of familial 
cases and 8–10% of spo-
radic cases involving this 
gene [38].

	Meningiomas association: 
noted linkage with this gene 
[39].

	Rhabdoid tumors associa-
tion: correlation established 
in references [39–41].

	LZTR1-schwannomatosis
	Gene identification: detect-

ed in 100% of familial cases 
and approximately 70% of 
sporadic patients [42].

Definite 
diagnosis

	Presence of two or 
more pathologically 
sampled schwan-
nomas.

	No radiographic ev-
idence of vestibular 
nerve tumors on 
imaging conducted 
after age 18.

Diagnosis requires meet-
ing any of the following:
	Criteria for individuals 

over 30 years: two or 
more nonintradermal 
schwannomas, at least 
one of which is histologi-
cally confirmed, with no 
detectable vestibular 
tumors on a high-quality 
MRI scan and no consti-
tutional NF-2 mutation.

	Family-based criteria: 
one histologically 
confirmed nonvestibular 
schwannoma and a 
first-degree relative who 
meets the previously 
specified criteria.

Diagnosis requires meeting 
any of the following:
	For individuals over 30 

years: two or more nonin-
tradermal schwannomas, 
with at least one histologi-
cally confirmed.

	Family-based criteria: one 
pathologically confirmed 
schwannoma and a 
first-degree relative who 
fulfills the criteria listed 
above.

Diagnosis requires meeting any 
of the following:
	Multiple Schwannomas: two 

or more non-intradermal 
schwannomas, with at least 
one pathologically confirmed, 
and no bilateral vestibular 
schwannoma as verified by a 
high-quality MRI, including a 
detailed study of the internal 
auditory canal with slices no 
more than 3 mm thick.2

	Family-Based Criteria: one 
pathologically confirmed 
schwannoma or intracranial 
meningioma, and an affected 
first-degree relative.

Vestibular schwannoma is no 
longer an excluding factor for a 
diagnosis of schwannomatosis 
(NF-3) [36,43].

Presumptive 
diagnosis

Diagnosis requires 
meeting any of the 
following:
	Two or more patho-

logically confirmed 
schwannomas, with 
no symptoms of 
eighth nerve dys-
function, in patients 
over 30 years old.

	Two or more patho-
logically confirmed 
schwannomas within 
a limited anatomical 
area, without symp-
toms of eighth nerve 
dysfunction, applica-
ble at any age.

Diagnosis requires meet-
ing any of the following:
	Criteria for young adults 

(<30 years): individuals 
under 30 years with two 
or more nonintradermal 
schwannomas, one 
confirmed histologically, 
no vestibular tumors on 
high-quality MRI, and 
no constitutional NF-2 
mutation.

	Criteria for older adults 
(>45 years): individuals 
over 45 years with two 
or more nonintradermal 
schwannomas, one 
confirmed histologically, 
no symptoms of eighth 
nerve dysfunction, and 
no constitutional NF-2 
mutation.

	Family-based diagnostic 
criteria: radiographic 
evidence of a nonves-
tibular schwannoma 
and a first-degree 
relative meeting defin-
itive schwannomatosis 
criteria. 

Diagnosis requires meeting 
any of the following:
	Criteria for young adults 

(<30 years): age under 30 
years with two or more 
nonintradermal schwanno-
mas, at least one histologi-
cally confirmed.

	Criteria for older adults 
(>45 years): age over 45 
years with two or more 
nonintradermal schwanno-
mas, at least one histologi-
cally confirmed.

	Family-based diagnostic 
criteria: radiographic 
evidence of a schwannoma 
and a first-degree relative 
meeting definitive schwan-
nomatosis criteria.

	Tumor presence: two or 
more non-intradermal 
tumors are present, though 
none have been pathological-
ly confirmed as schwanno-
mas.

	Symptom association: the 
occurrence of chronic pain 
in association with these 
tumors increases the likeli-
hood of a schwannomatosis 
diagnosis.

NA
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Table 2. Continued

Diagnosis Research criteria  
(1997) [3]

Consensus criteria  
(2005) [2]

Revised clinical criteria  
(2006) [10]

Proposed criteria  
(2011) [37]

Additional considerations  
(not formal criteria) 

Exclusion 
criteria

NA NA NA Patients presenting with the 
following characteristics are 
excluded from a diagnosis of 
schwannomatosis:
	Germline NF2 mutation: 

presence of a pathogenic 
mutation in the NF2 gene.

	NF2 diagnostic criteria: com-
pliance with the Manchester 
criteria (1997-2016) for 
neurofibromatosis type 2, 
including any of:
	Bilateral vestibular schwan-

noma.
	Unilateral vestibular 

schwannoma before age 
30 with an NF2-affected 
first-degree relative.

	Two or more of the follow-
ing: meningioma, glioma, 
schwannoma, juvenile pos-
terior lenticular opacities.

	Family history: having a 
first-degree relative with NF2.

	Radiation-induced schwan-
nomas: schwannomas solely 
within previously irradiated 
areas.

NA

1This table outlines the changes in diagnostic criteria over the years, highlighting the latest updates to enhance understanding and application in clinical settings.
2It is recognized that some mosaic NF2 patients may be diagnosed at a young age under this category. Additionally, reports indicate that some schwannomatosis patients may present with 
unilateral vestibular schwannomas or multiple meningiomas.

Abbreviations: MRI, magnetic resonance imaging; NA, not applicable; NF2, neurofibromatosis type 2; NF-3, neurofibromatosis type 3.
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text of cranial nerve schwannomatosis, particularly for intracranial lesions 
that might lead to mass effects, rapid growth should trigger consideration 
for intervention.

Challenges and treatment considerations
While schwannomatosis affecting spinal nerves can lead to motor sen-
sory dysfunction, involvement of cranial nerves often introduces addi-
tional complexities such as extrasensory dysfunction and compressive 
symptoms. Therefore, addressing only the symptom of pain in cases of 
cranial nerve schwannomatosis is insufficient. The broader spectrum of 
functional deficits caused by cranial nerve involvement presents unique 
clinical challenges, which may not consistently respond to interventions 
recommended by ERN GENTURIS’s guidelines.

Although the latest clinical practice guidelines generally advise against 
the use of radiotherapy due to the associated risk of malignant transfor-
mation, there are circumstances where radiotherapy could play a critical 
role, especially when surgical options are limited or if the schwannoma is 
in a location that complicates traditional surgical approaches. In such cas-
es, radiotherapy, including advanced modalities like proton beam thera-
py, might be considered as a viable alternative, emphasizing the need for 
a balanced, case-by-case evaluation to optimize treatment outcomes in 
cranial nerve schwannomatosis.

Surgical and Alternative Treatments
Schwannomas can be managed through various approaches depending 
on their symptoms and locations. While pharmacologic therapy offers a 
conservative treatment route, surgical excision is typically the preferred 
option for symptomatic schwannomas [37]. Intracapsular enucleation is 
often favored to minimize damage to surrounding tissues, but extracap-
sular resection or tumor debulking might be necessary in cases where the 
tumor’s anatomy is less favorable.

For situations where surgery is not feasible or the patient opts against 
it, radiotherapy [53] and proton beam therapy [54] present viable alterna-
tive treatments for managing cranial nerve schwannomatosis. However, 
these therapeutic options carry a potential risk of malignant transforma-
tion [35], which necessitates careful consideration and discussion with the 
patient about the benefits and risks associated with each treatment mo-
dality. This comprehensive approach allows for personalized treatment 
plans that best suit the individual needs and conditions of patients with 
schwannomas.

Clinical Practice Implications
Schwannomatosis, though rare, should be a consideration for clinicians 
who encounter patients with multiple schwannomas or longitudinal in-
volvement of a single nerve showing multiple discrete fusiform enlarge-
ments. Recognizing this condition is crucial as it significantly impacts clini-
cal decisions. Typically, isolated schwannomas require minimal follow-up 
after excision due to their low risk of recurrence, malignant transforma-
tion, or spreading to other sites [55]. However, these characteristics can 
lead to potential misdiagnosis if not adequately recognized.

An understanding of the risks associated with schwannomatosis 
is essential for setting appropriate surveillance intervals and methods 
[35,56,57]. The criteria for surgical intervention and the adoption of other 
treatment strategies, such as radiotherapy, may vary in cases with genet-
ic predispositions [58,59]. While chemotherapy has a limited role in the 
treatment of schwannomatosis [60,61], immunotherapy options such as 
Bevacizumab may be considered for cases that are not amenable to sur-
gery [35].

Additionally, integrating genetic testing and counseling into the man-
agement strategy is vital [35,47]. These genetic insights not only inform 
treatment decisions but also provide crucial information on familial risk, 
aiding in the management and preventive strategies for affected families. 
This comprehensive approach ensures that all aspects of schwannoma-

tosis are addressed, leading to informed and effective management of 
the condition.

Study Limitations
The primary limitation of our review is the inherently small sample size, a 
typical challenge in research involving rare diseases. However, this limita-
tion also underscores the value of the cases we have presented, as each 
addition to the literature enriches the data pool available for future sta-
tistical analysis of this topic. Furthermore, the absence of genetic testing 
in most reported cases, including our own, marks a significant deficiency. 
This gap is often due to the high costs and limited availability of genetic 
testing. Among the 18 cases reviewed, six lacked any reported follow-up, 
and the duration of follow-up varied significantly, ranging from as short 
as five months to as long as six years. This constrained follow-up period 
potentially leads to an underestimation of the risks associated with re-
currence and malignant transformation in schwannomatosis. Addressing 
these gaps in genetic insights and follow-up data is crucial for accurately 
characterizing the long-term outcomes and guiding the development of 
more effective management strategies for this complex condition.

CONCLUSION

Schwannomatosis should be considered in patients presenting with 
multiple schwannomas or extensive longitudinal involvement of a single 
nerve with multiple discrete fusiform enlargements, particularly when 
they do not meet the criteria for neurofibromatosis type 2. It is crucial 
to stay updated on the evolving diagnostic criteria for schwannomatosis, 
as changes can significantly impact clinical management. Further genetic 
testing is essential to differentiate between germline and somatic muta-
tions, providing insights into the genetic basis of the condition. Addition-
ally, a thorough review of family history is necessary to assess potential 
malignancy risks, which will guide the frequency of screening and the 
approach to genetic counseling. This comprehensive assessment helps 
develop tailored management plans that address both immediate and 
long-term health considerations for individuals with schwannomatosis.
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