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Abstract
Objective—Clinical experience suggests that the majority of schwannomas arise within sensory
ganglia, suggesting that intraganglionic glial cells represent a potential cell of origin for
schwannomas. To support this clinical impression, we reviewed magnetic resonance imaging
(MRI) studies performed over a 5 year period at our institution to determine the relationship of
cranial and spinal nerve schwannomas with the ganglia of the associated nerves.

Study design—Retrospective cohort study

Setting—Tertiary referral center

Patients—Patients undergoing imaging study at our institution over a 5 year period.

Intervention(s)—Radiographical images at our institution were reviewed as well as published
studies to determine the anatomic location of schwannomas.

Main outcome measure(s)—Anatomical location of schwannomas

Results—A total of 372 patients were found over the 5-year study period, 31 of those were
diagnosed with neurofibromatosis type 2 (NF2). Vestibular schwannomas comprised the greatest
number of schwannomas, followed by spinal schwannomas. In NF2 patients, spinal schwannomas
were the most common tumor, followed by vestibular schwannomas. In NF2 patients and those
with sporadic schwannomas, the overwhelming majority of tumors arose in nerves with a sensory
component and were associated with sensory ganglia of the nerves (562/607, 92.6%). Very few
tumors arose from pure motor nerves. This is supported by review of published articles on
anatomic location of schwannomas.

Conclusions—Schwannomas are strongly associated anatomically with ganglia of sensory
nerves. These findings raise the possibility that intraganglionic glial cells give rise to the majority
of schwannomas.
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Introduction
Schwannomas are benign tumors of peripheral nerves that comprise about 7% of intracranial
tumors(1) and 20% of spinal tumors(2). The vast majority of intracranial schwannomas arise
from the vestibular nerves.

Neurofibromatosis type 2 (NF2) is characterized by multiple schwannomas along with other
central nervous system tumors, with the most identifiable feature being bilateral vestibular
schwannomas. Sporadic schwannomas and schwannomas in patients with NF2 are
indistinguishable histopathologically and both result from inactivating mutations of the NF2
(merlin) tumor suppressor gene. (3,4) Patients with schwannomatosis develop multiple
schwannomas but typically lack vestibular schwannomas. Mutation in the chromatin
remodeling gene SMARCB1 accounts for 50% of familial forms of schwannomatosis and
about 10% of the sporadic form. (5)

Investigation of schwannoma tumorigenesis has mainly focused on Schwann cells (SCs),
despite the fact that the peripheral nervous system contains a variety of different glial cells
in various stages of differentiation (Fig. 1). (6,7) Peripheral glia cells originate from neural
crest cells and have different morphologic and molecular phenotypes. Several studies
confirm that schwannoma cells express markers of immature SCs.(8) Yet the specific cells
that give rise to schwannomas remain elusive.

Different peripheral glialcells associate with different regions of neurons (e.g. cell body vs.
axon) restricting their localization to discrete anatomic regions. (6) We surmise that the
anatomical location of schwannomas provides insight into their pathogenesis including
possible candidates for the cell(s) of origin that give rise to schwannomas. Clinical
experience, especially in regards to vestibular, facial and lower cranial nerve schwannomas,
suggests that the majority of the tumors arise within sensory ganglia. To support this clinical
impression, we reviewed magnetic resonance imaging (MRI) studies performed over a 5
year period at our institution to determine the relationship of cranial and spinal nerve
schwannomas with the ganglia of the associated nerves. We also reviewed prior publications
to likewise determine the relationship of schwannomas with cranial or peripheral nerve
ganglia. We report that the vast majority of schwannomas are associated with sensory
ganglia and discuss the potential implications of this finding for the cell of origin and
treatment strategies of schwannomas.

Materials and methods
Accrual of institutional schwannoma data

The institutional review board of the University of Iowa approved the protocol for this study
(ID# 201012711, PI: M. Hansen). This is a retrospective study of patients diagnosed with
schwannoma and had radiological imaging in the time period from January 1. 2004 to
December 31. 2008. Patients were accrued through a radiological database where reports
were searched for the name schwannoma or neuroma. A chart review was performed on all
patients to verify the diagnosis by either a re-review of images or if there had been a
resection with a pathology report.

We also identified patients that were considered to have NF2 according to clinical criteria.
(3,9) The tumors were divided into NF2 associated schwannomas, schwannomatosis
associated schwannomas and sporadic schwannomas.

All radiological imaging and operating reports were reviewed and information on location of
tumor and whether it was associated with a ganglion of a nerve were recorded. If the
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relationship of the tumor with the ganglion was not clear in the imaging or operative reports,
the images were reviewed (GT, JK, JM); over 70% of images were reviewed. To be
considered associated with a ganglion, the normal anatomic location of respective ganglia of
cranial and spinal nerves was assessed and if the tumor was in the area of the ganglion, it
was considered associated with the ganglion of the nerve.

Literature review
The literature was reviewed regarding anatomic locations of schwannomas. The PubMed
database (January 1980 – Feb 2011) was searched with the keywords “schwannoma” or
“neuroma”. Associated with the search were names of nerves such as: “spinal”, “peripheral”,
“facial”, “glossopharyngeal”, “vagal”, “vestibular”, etc. Studies that were identified with
this search were reviewed regarding the content and especially regarding the reporting of the
anatomic location of the tumors. Only studies reporting anatomic locations of schwannomas
were included. Studies were excluded if there was no information on anatomic location or if
schwannomas were mixed with other tumor types or if tumor type was not discernable.
Anatomic location of the tumors was noted from the papers and recorded (Table 3).

Results
Institutional schwannomas

Over the 5-year study period images from a total of 31 patients with NF2 were found.
Sporadic schwannomas were much more common with 341 patients identified. No patients
with definite diagnosis of schwannomatosis were identified. The results from the review of
the sporadic tumors and NF2-associated tumors are presented in Tables 1 and 2,
respectively. Vestibular schwannomas comprised the greatest number of schwannomas,
followed by spinal schwannomas. In NF2 patients, spinal schwannomas were the most
common tumor in our series followed by vestibular schwannomas. In both NF2 patients and
those with sporadic schwannomas, the overwhelming majority of tumors, including smaller
and larger tumors, arise in nerves with a sensory component and are associated with the
sensory ganglia of the nerves (562/607, 92.6%). There was no significant difference in the
percent of sporadic or NF2-associated schwannomas that were associated with sensory
ganglia (92.2% vs 93.1%, respectively, p=0.657, chi square). Very few tumors arose from
pure motor nerves such as cranial nerve III, IV, and VI (2.1% of sporadic and 2.8% of NF2-
associated). Figures 2 to 4 illustrate typical imaging findings of schwannomas arising from
the spinal and the auditory and vestibular nerves.

Literature review
Table 3 presents the results from the literature search. These results are likely biased by the
tendency to report rare tumors in the literature. Nevertheless, the data show that reports of
central schwannomas are much more common than peripheral schwannomas and that
schwannomas arise much more commonly in nerves with a sensory component compared to
purely motor nerves such as CN III, IV, VI, XI, and XII. Schwannomas associated with
these motor nerves are mainly described in isolated case reports given their rarity rather than
as large case series.

Discussion
Although schwannomas can potentially arise anywhere along a nerve, experience has lead
clinicians to recognize that the location of these tumors is anything but random. Most of
these tumors occur in sensory nerves near the sensory ganglia. The data in this study support
this clinical impression, that the vast majority of schwannomas of cranial nerves are
associated with a ganglion of a sensory nerve. These finding are derived from a radiographic
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association study and do not offer definitive proof that the majority of schwannomas
originate in sensory ganglia. Since many of the tumors were not resected, the diagnosis of
schwannoma was made exclusively based on MRI findings, although the diagnosis was
universally confirmed to be schwannoma in those specimens for which histological records
were available for review. Schwannomas rarely arise from a pure motor nerve or along the
myelinated segments of mixed peripheral nerves. Our data also demonstrate that there is no
difference in the pattern between sporadic schwannomas and schwannomas associated with
NF2. A review of published articles confirms that these findings are comparable across
institutions.

Cranial nerve schwannomas
Vestibular schwannoma is the most common intracranial schwannoma. Scarpa’s ganglion,
the sensory ganglion of the vestibular nerves, lies in the lateral aspect of the internal
auditory canal. (61) Small vestibular schwannomas are found exclusively in the internal
auditory canal whereas larger tumors have an intracanalicular component with variable
extension into the cerebellopontine angle. Review of the literature with respect to anatomic
location of vestibular schwannomas as is seen in table 3 shows that over 99% of tumors
have an intracanalicular component. Our review of both sporadic and NF2-associated
vestibular schwannomas revealed that all tumors have a component within the internal
auditory canal. Histological analysis of small vestibular schwannomas confirms these
radiographic findings that vestibular schwannomas arise from cells within or near Scarpa’s
ganglion rather than the central glial-Schwann cell junction as was a commonly held belief.
(62,63)

Cochlear nerve schwannomas seem to arise almost exclusively within the cochlea, from the
spiral ganglion but can also grow into the vestibule and into the fundus of the IAC and
beyond. Khurana et al. (64) reported on a very interesting case of cochlear schwannoma
illustrating the evolution of a cochlear schwannoma. When the tumor was initially
recognized it was confined to the cochlea. Over the course of 12 years the tumor extended
into the labyrinth, subsequently into the IAC, and finally developed a large CPA component.
Furthermore all of the cochlear schwannomas that we identified radiographically in our
institution and in the literature arose within the cochlea where the spiral ganglion lies.

In the past, facial nerve schwannomas have been described as being able to arise randomly
along the facial nerve. (65) We found that 20 of 22 facial nerve schwannomas (both sporadic
and NF2 related) involved the geniculate ganglion. Older studies show lower percentage of
tumors arising from the geniculate but newer studies based on more sensitive MRI
techniques confirm that facial nerve schwannomas involve the geniculate in up to 97% of
cases. (16) The data here further confirm a predilection for the geniculate ganglion and they
often involve multiple segments of the nerve both distal and proximal to the geniculate
ganglion.

Trigeminal schwannomas demonstrate a clear predilection for the Gasserian ganglion. Both
the results of this study (virtually all tumors) and a literature search show that the large
majority of tumors involve the Gasserian ganglion. We did not encounter a trigeminal
schwannoma arising exclusively in the extracranial portion of the nerve without involvement
of the ganglion.

The lower cranial nerves include cranial nerves IX–XI, which exit the skull through the
jugular foramen. The glossopharyngeal nerve has two ganglia that typically lie in the jugular
foramen, the vagal nerve has two ganglia, the superior which lies in the jugular foramen and
the inferior which lies high in the neck. Almost all of the vagal and glossopharyngeal
schwannomas both in our study and in the literature occur in the jugular foramen or high in
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the neck associated with the ganglia. Song et al. (38) hypothesized that the growth pattern of
cranial nerve IX and X schwannomas in the jugular foramen depends on which of the
ganglia give rise to the tumor. The findings in this study demonstrating that the vast majority
of CN IX and X schwannomas are associated with these ganglia are consistent with this
hypothesis. Few cranial nerve XI schwannomas have been described, and we did not
identify any in our study. Similarly, few cranial nerve XII schwannomas have been reported.

Spinal nerve and autonomic nervous system schwannomas
The sensory neurons of spinal nerves reside in the dorsal root ganglia in the posterior
(dorsal) paraspinal region. Consistent with the pattern of schwannoma involvement in
cranial nerves, nearly all spinal nerve schwannomas in our institutional and literature
reviews involve the dorsal root ganglia, often creating a dumbbell tumor with intraspinal and
extraspinal components. These results further support the notion that schwannomas most
often arise from glial cells within the sensory ganglia.

Most sympathetic chain schwannomas are associated with the superior most ganglion. In the
literature only 22 sympathetic chain schwannomas that included data on their anatomic
location were identified, which shows the rarity of these tumors.

Peripheral schwannomas
These tumors are worth mentioning because they appear to be the exception to the rule. In
our material we found 12 schwannomas in the sporadic patient group and 7 in the
neurofibromatosis type 2 patient group. These are far fewer than the central schwannomas.
A review of the literature shows that these peripheral schwannomas can arise anywhere, in
extremities(53), abdomen(56), or thyroid(54). Most of the reports are case reports of unusual
tumors in these locations but these are well established, albeit rare, in the extremities and in
the abdomen. Thus, not all schwannomas are associated with sensory ganglia suggesting that
prototypical, peripheral nerve Schwann cells also give rise to schwannomas.

Implication for schwannoma cell of origin
The fact that schwannomas are almost always associated with sensory ganglia suggests the
possibility that glia cells within sensory ganglia give rise to these tumors. Neural crest cells
give rise to all glia cells in the peripheral nervous system including Schwann cells, satellite
cells and enteric glia cells, thus these glial cells share many common histological features
making it difficult to differentiate them histologically. The predominant glial cells in sensory
and autonomic ganglia are the satellite cells. Satellite cells associate with the neural cell
bodies in the ganglion as opposed to non-myelinating glia cells and Schwann cells, which
associate with axons. The propensity of schwannomas to arise within or near sensory
ganglia raises the possibility that intraganglionic glial cells, principally the satellite cells,
represent a likely candidate for the cell of origin for many schwannnomas. Very few studies
have characterized the cellular and molecular properties of these cells.

Implications for treatment
Management options of schwannomas include observation with serial imaging, treatment
with microsurgical removal or stereotactic radiosurgery. For those tumors that require
treatment, failure to address the associated ganglion may lead to a higher risk of recurrence
or eventual tumor growth. For example, in microsurgical management of vestibular
schwannomas failure to exposure and remove the schwannoma component within Scarpa’s
ganglion is associated with a higher risk of recurrent growth. (66) It is not clear whether the
radiation dose to the ganglion influences the response of schwannomas to radiosurgery.
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Conclusions
In this review of our clinical material and the literature, we find that the majority of
schwannomas associate with ganglia of sensory nerves. These results raise the possibility
that intraganglionic glial cells including satellite cells, which represent the principal glia in
sensory ganglia, give rise to a high percentage of schwannomas. Further investigation into
the cellular and molecular traits of these intraganglionic glial cells is warranted in an effort
to understand schwannoma pathogenesis. The association of schwannomas with sensory
ganglia also carries implications for treatment strategies including the possibility that failure
to adequately address the ganglia may increase the risk of subsequent growth.
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Figure 1.
Schematic overview of development of peripheral glia from neural crest cells. Adapted in
part from Jessen et al. (6) and Woodhoo et al. (7)
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Figure 2.
MRI image of bilateral spinal schwannomas in a patient with NF2. Axial T1-weighted MRI
following gadolinium enhancement demonstrates bilateral schwannoma arising in
association with dorsal root ganglia with tumor extending through neural foramina. Arrows
indicate lesions.
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Figure 3.
MRI images of cochlear schwannoma. A, B Axail T1-weighted fat-saturated MRI after
administration of gadolinium demonstrating enhancement of the cochlear mass.
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Figure 4.
MRI images of a small vestibular schwannoma. A. T2 weighted CISS sequence showing
intracanalicular tumor lateral in the internal auditory canal. B. T1-weighted MRI following
gadolinium enhancement demonstrates enhancement of schwannoma. Arrows indicate
lesion.
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Table 1

Institutional review of sporadic schwannomas and their relationship with ganglia

Schwannoma location Number of tumors Number of tumors with tumor within ganglia (percent)

Facial nerve 12 10 (83.3)

Vestibular nerve 244 244 (100)

Cochlear nerve 3 3 (100)

Neck 12 11 (91.7)

Cranial nerves III/IV/VI 7 − (0)

Lower cranial nerves 3 3 (100)

Trigeminal 9 9 (100)

Spinal 30 26 (86.7)

Peripheral 12 − (0)

Total 332 306 (92.2)
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Table 2

Institutional review of NF2-associated schwannomas and their relationship with ganglia

Schwannoma location Number of tumors Number of tumors with tumor within ganglia (percent)

Facial nerve 10 10 (100)

Vestibular nerve 58 58 (100)

Cochlear nerve 5 5 (100)

Neck 3 1 (33)

Cranial nerves III/IV/VI 10 − (0)

Lower cranial nerves 16 16 (100)

Trigeminal 17 17 (100)

Spinal 149 149 (100)

Peripheral/soft tissue 7 − (0)

Total 275 256 (93.1)
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Table 3

Relationship of schwannomas* in the literature with sensory nerve ganglia

Schwannoma location Tumors at ganglion/total tumors (percent)

Facial nerve (10–17) 345/608 (56.7)

Vestibular nerve (18–22) 3663/3684 (99.4)

Cochlear nerve (23–29) 90/90 (100)

Neck

X (30–32) 21/21 (100)

CSC (31–35) 22/22 (100)

Cranial nerves III/IV/VI (36,37) −/48 (0)

Lower cranial nerves

X (30,38) 10/10 (100)

IX (38–40) 50/50 (100)

Trigeminal (41–46) 144/197 (73.1)

Spinal (47–52) 693/699 (99.1)

Peripheral (53–60) −/495 (0)

*
In most studies no differentiation was made between sporadic, neurofibromatosis type 2 and schwannomatosis patients; all are included in these

numbers.
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