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Key Message

An intraoperative finding in our study and some previous
case reports support the theory of tumoral growth of the
Schwann cells at a critical site inwhich the dorsal root transit
into the pia mater, which sometimes could be called “subpial
schwannoma.”

Introduction

Spinal schwannoma accounts for approximately 10% of all
spinal tumors.1 While extradural or intradural extramedul-
lary lesions are more common, intramedullary schwannoma
is extremely rare representing approximately 1% of the
overall incidence of spinal schwannoma.2–5 Subpial schwan-
noma, which its intraoperative finding confirmed that the
tumor is underneath the pia mater, was scarcely reported.

Herein, we report a case of subpial schwannoma of the
cervical spinal cord which might support a specific theory
on the origin of an intramedullary schwannoma. To report
this study, the case report (CARE) guidelines were followed.6

Case Presentation

A 63-year-old man presented with severe spastic tone,
progressive weakness, and numbness in both hands and
legs in the past 5 years. Physical examination revealed
paraesthesia and motor power weakness of both upper
and lower limbs with knee jerk reflex of 3þ . There were
no skin lesions (e.g., café-au-lait spots, neurofibromas, and
freckles), no history of optic glioma, no other sites of the
brain or spinal cord tumors, no hearing problems, or any
other manifestations that could lead to the suspicious of
neurofibromatosis. Furthermore, the patient has no family
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Abstract Because of its tumor origin from nerve sheath cells (the Schwann cells), the pathogen-
esis of an extraordinary rare intramedullary schwannoma, which should not have any
Schwann’s cells in nature, is controversial and still in debate. We report a case of a 63-
year-old man diagnosed with a cervical cord intramedullary schwannoma with an
interesting intraoperative finding that could support one of the theories on its genesis.
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history of neurofibromatosis or anyother congenital diseases
and as a result, we did not further workup for neurofibro-
matosis or any other congenital diseases in this patient.

The magnetic resonance imaging (MRI) demonstrated
homogeneously well-circumscribed mass from the C4 to
C6 levels on the sagittal series which showed low signal
intensity on T1-weighted images and iso- to high signal
intensity on T2-weighted images. The mass was enhanced
after the contrast injection. The lesion was appeared to be
intramedullary, more pronounced on the right side of the
spinal cord (►Fig. 1). Initially, intramedullary spinal cord
tumors, such as astrocytoma or ependymoma, were included
in the differential diagnosis.

Deciding to proceedwith the treatment, an operationwas
performed. A standard posterior approach frommidline was
done. After the laminectomy of affected levels was achieved,
the dura mater was opened meticulously. A well-defined
border of yellowish mass with a firm and rubbery consisten-
cy was located at the right posterolateral aspect of C4–6 cord
level, beneath the pia mater. The tumor was involving those
dorsal rootlets of right C5 and C6 spinal nerves and com-
pressing the spinal cord from the posterior. The tumor was
located underneath pia mater and origin of nerve root was
arose from right posterolateral part of the tumor. We can
partially identify the tumor plane from the spinal cord at the
caudal site. However, the ventral plane of the tumor had
severely being adhered to the spinal cord and its true
cleavage plane could not be identified clearly (►Fig. 2).
The tumor was excised. Both intraoperative somatosenso-
ry-evoked potentials (SSEPs) and motor-evoked potentials
(MEPs)monitoring were used. No abnormal signal was being
detected throughout the case.

Pathological examination showed alternating hyper- and
hypocellular areas of spindle cells (the Antoni A andAntoni B,
respectively). The hypocellular area shows a loose myxoid
stroma. The neoplastic spindle cells contain enlarged hyper-
chromatic, mild-to-moderate pleomorphic nuclei, small
nucleoli, as they are palisaded in rows (►Fig. 3). Additional
immunohistochemistry study showed strongly and diffusely
positive S-100 stained (►Fig. 4). The final pathological
diagnosis was confirmed as a schwannoma (the World
Health Organization [WHO] grade I).

The patient was then discharged from the hospital un-
eventfully. No complicationwas observed. At the last follow-
up at 6-month postoperatively, the patient’s function was
improved, including better handgrip power and ambulation
compared with before surgery. Unfortunately, because the
patient has been loss to follow-up after that, follow-up
images of the tumor after surgery could not be done.

Fig. 1 (A) T1-weighted sagittal image shows iso- and slightly low-intensity lesion at C5–6 level. (B) T2-weighted sagittal image shows a mixed
iso-to high-intensity signal mass with mild peritumoral edema. (C) Contrast-enhanced sagittal image shows a homogenously well-enhanced
mass. (D, E) Axial images shows a well-defined mass on the right side of the spinal canal.

Fig. 2 The tumor was located underneath the origin of nerve root
origin (bend arrow). Arachnoid was opened and sutured with the dura
(arrow heads). Pia mater was elevated and separated (straight arrow).
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Discussion

Intramedullary schwannoma was first reported in 1932.7

Since then, according to a recent extensive review, 166 cases
have been reported.8 But for the term “subpial schwannoma”
has been reported in four studies so far.9–12 Because of the
dispute over its origin, the pathogenesis of intramedullary
schwannoma has been under debate for a long time. Several
explanations have been purposed as follows: (1) the
Schwann cells migration into the central nervous system
during embryogenesis13,14; (2) the atypical Schwann cells
residing around the intramedullary myelin fibers15; (3)
extension of the Schwann cells along the intramedullary
perivascular nervous plexus14,16; (4) transformation of pial
cells from the neuroectoderm into the Schwann cells17; and
(5) the Schwann cells becoming a tumor on a dorsal root
located at the critical area where the dorsal root loses its
cover and enters the piamater.14,18,19 Thefifth hypothesis, in
which the term “subpial schwannoma”was coined, has been
reported by several authors in the last decades. A study by
Ozawa et al demonstrated a rare case of a subpial schwan-
noma of the cervical cord which initially mimicked an intra-
medullary tumor on MRI. The surgical finding was a well-
demarcated yellowish lesion on the dorsal side of the spinal
cord located in the subpial space and invading the spinal
cord.9 This finding suggested that the tumor might have
originate from the subpial space that the authors stated that
this could support the fifth hypothesis. Another recent case
report by Suematsu et al,12 demonstrated a case of concur-
rent dorsal subpial schwannoma and ventral meningioma
arising at the same upper cervical level of C1–2. From our
study, an intraoperativefinding of awell-demarcated yellow-
ish mass, involving the dorsal rootlets of C5 and C6 levels at
the subpial layer could also support this hypothesis that the
Schwann cells become a tumor on a dorsal root at the point of
its transition into the pia mater.

Although our finding supports thefifth hypothesis, it does
not completely rule out the other possibilities.While thefifth
theory is satisfactorily better at explaining the strict relation

between the dorsal root and the findings of a spinal schwan-
noma, it does not always have to be true. Kim et al11 reported
a case of thoracic subpial intramedullary schwannoma in-
volving a ventral nerve root which is even more exceedingly
rare than usual cases of the dorsal root involvement. Thus,
because of its rarity in origin, future investigation of intra-
medullary schwannoma and itsfindingwould still be needed
for a better understanding of the disease.

Conclusion

Intramedullary schwannoma is rare, and its origin is still
in question. The intraoperative finding in our study
supports the pathogenesis theory of intramedullary
schwannoma, a tumoral growth of the Schwann cells
at a critical site in which the dorsal nerve transit into
the pia mater.
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Fig. 3 Pathological study shows alternating area of spindle cells
hypercellularity (Antoni’s A) and hypocellularity (Antoni’s B).

Fig. 4 Immunohistochemistry study showed strongly, and diffusely
positive S-100 stained which confirmed the diagnosis of schwannoma.
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