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Objective: This study was aimed to report the clinical characteristics of intramedullary schwa-
nnomas and discuss imaging findings and treatment strategies.

Methods: The inclusion criterion was consecutive patients with intramedullary schwanno-
mas who were surgically treated at 8 centers between 2009 and 2020. Clinical characteristics
included age, sex, clinical presentation, disease duration, and follow-up period. The modi-
fied McCormick scale was used to compare the preoperative and postoperative conditions.
Pre- and postoperative magnetic resonance images (MRI) of each case were analyzed.
Results: The mean age of the total 11 patients at the operation was 50.2 years. The mean
duration of the symptoms was 23 months, with limb paresthesia being the most common
clinical presentation. The cervical spine was the most common localization level of the tu-
mor in 6 cases. The mean follow-up duration was 49.4 months. Gross total resection (GTR)
and subtotal resection (STR) was achieved in 9 and 2 cases, respectively. According to the
modified McCormick scale at 6 months postoperatively, 7 cases (63.6%) had improved and
4 cases (36.3%) had unchanged grades. Typical MRI findings of the intramedullary schwa-
nnoma included ring-like enhancement, syringomyelia, cystic formation, intramedullary
edema, and hemosiderin deposition. Gadolinium enhancement was homogenous in 8 cas-
es (72.7%). The tumor margins were well demarcated in all cases.

Conclusion: Intramedullary schwannoma should be considered when sharp margins and
well-enhanced tumors are present at the cervical spine level and the initial symptoms are
relatively mild, such as dysesthesia. When GTR cannot be achieved, STR for tumor decom-
pression is recommended.

Keywords: Intramedullary schwannoma, Magnetic resonance imaging, Gross total resec-

Neurosurgery Society tion, Subtotal resection, Preoperative diagnosis
INTRODUCTION to 1.1% of spinal schwannomas and 0.3% of all intraspinal neo-
plasms.*?
Intramedullary schwannomas are rare tumors that contribute Histologically, it is a benign tumor with a good prognosis if

www.e-neurospine.org 747


http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2346376.188&domain=pdf&date_stamp=2023-09-30
http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2346376.188&domain=pdf&date_stamp=2023-09-30

Hara T, et al.

Intramedullary Schwannoma of the Spinal Cord

surgically removed. However, it is sometimes difficult to distin-
guish it from other intramedullary tumors, especially ependy-
momas and astrocytomas. In addition, there are cases in which
intraoperative pathological examination does not reveal schwan-
noma, but the final pathological diagnosis reveals schwannoma.*
These challenges make the determination of treatment strategy
difficult.

Due to its rarity, the pathogenesis of intramedullary schwan-
noma is poorly understood. We report 11 cases of intramedul-
lary schwannoma and discuss imaging findings and treatment

strategies.

MATERIALS AND METHODS

This was a multicenter cohort study authorized by the Neu-
rospinal Society of Japan. This study is a subanalysis of previous
research and was approved by the Institutional Review Board of
Tohoku University Hospital and the Ethics Committee (2021-
1-130) of the relevant institution. This is a multicenter cohort
study of 11 cases from 8 centers.

The inclusion criterion was consecutive patients with intra-
medullary schwannoma who were surgically treated at 8 cen-
ters between 2009 and 2020. Intramedullary schwannomas were
defined as tumors that are pathologically diagnosed as schwan-
noma and present within the spinal cord, which can be identi-
fied on imaging; tumors with areas of exophytic extramedullary
extension are also included.

Clinical characteristics included age, sex, clinical presentation,
disease duration, and follow-up period. The modified McCor-
mick scale was used to compare preoperative and postoperative
conditions; mainly grades at discharge and 6 months postoper-
atively, were compared with those observed before surgery. Ra-
diological data were collected from preoperative and postoper-
ative images, lesion levels, and magnetic resonance imaging (MRI)
findings. The degrees of excision and complications were evalu-

ated from surgical records.

RESULTS

1. Patient Demographics

Eleven patients were identified. The mean patient age at the
time of operation was 50.2 years (range, 13-73 years). The pa-
tient demographics are summarized in Table 1. Of the 11 pa-
tients, 5 (45%) were male and 6 (55%) were female. The mean
duration of symptoms was 23 + 18.8 months, with limb pares-
thesia (90.9%) being the most common clinical presentation,
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followed by limb weakness (66.6%), gait disturbance (63.6%),
limb pain (45.4%), head, neck, or back pain (27.2%), and blad-
der and/or bowel disturbance (27.2%).

2. Tumor Levels, Surgical Treatment, and Postoperative

Course

The localization level of the tumor was the cervical spine in 6
cases (46.1%), cervicothoracic spine in 1 case (7.6%), thoracic
spine in 2 cases (15.3%), and thoracolumbar spine in 2 cases
(15.3%), and the cervical spine being the most common site. The
affected nerve root could be identified intraoperatively in 8 pa-
tients, all of whom were considered to have a posterior root origin.
In 4 of these cases, the affected nerve root was confirmed to have
been resected. Of these patients, 3 had postoperative improvement
of neurological symptoms, and none had deterioration.

Surgical resection was performed in all cases: 9 patients (81.8%)
underwent gross total resection (GTR) and 2 (18.1%) underwent
subtotal resection (STR). In 5 cases, the nerve root of origin of
the tumor was resected intraoperatively, and there were no cas-
es of postoperative worsening of symptoms. In the case of the
patient who failed to achieve STR, the motor evoked potential
disappeared intraoperatively, and tumor removal was abandoned.
In the other case, the tumor was strongly adherent near the dor-
sal root entry zone on the spinal cord surface, and there was po-
tential for neurological symptoms after removal, so STR was
performed.

Immediately post operation, symptoms improved from the
preoperative state in 5 patients (45.4%), remained unchanged
in 2 patients (18.8%), and worsened in 4 patients. Three of them
had tumors without extramedullary lesions, and one had a tu-
mor with extramedullary lesions that was strongly intramedul-
lary embedded. On the modified McCormick scale, the grade
improved in 2 cases (18.8%), remained unchanged in 7 cases
(63.6%), and worsened in 2 cases (18.8%).

On the same scale at 6 months postoperatively, 7 (63.6%) and
4 (36.3%) cases showed improved and unchanged grades, re-
spectively. The grades on the modified McCormick scale tem-
porarily worsened in some patients immediately after surgery
(at discharge); however, these patients showed functional im-
provement at 6 months postoperatively. The patients’ grades on
the McCormick scale are shown before, immediately after, and
6 months after surgery. Complications occurred in 1 case, and
the patient underwent reoperation due to postoperative intra-
medullary hemorrhage. The patients with postoperative intra-
medullary hemorrhage were those with a hemosiderin cap on
preoperative MRIL. One patient underwent STR at the time of
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initial surgery experienced local recurrence and underwent re-
operation (Table 2).

3. MRI Findings (Table 3)

T1-weighted MRI scans showed iso intensity in 7 cases (63.6%)
and a mixture of low to iso and high intensity in 2 cases (18.1%).
T2-weighted images showed mixed iso-to high intensity in 9

Table 2. Postoperative course and complications

Characteristic No. (%)
Symptom at discharge
Improved 5(45.4)
Unchanged 2(18.8)
Worsened 4(36.3)
Modified McCormick scales at discharge
Improved 2(18.8)
Unchanged 7 (63.6)
Worsened 2(18.8)
Modified McCormick scales 6 months
Improved 7 (63.6)
Unchanged 4(36.3)
Worsened 0(0)
Surgical complication
Cerebrospinal fluid leak 0(0)
Postoperative hematoma 1(9.0)
Surgical site infection 0(0)
Local recurrence 1(9.0)

cases (81.8%) and high intensity in 2 cases (18.1%). Tumor length
(including cystic lesions) was 1 vertebra in 5 cases (45.4%), 2
vertebrae in 3 cases (27.2%), 3 vertebrae in 2 cases (18.1%), and
5 vertebrae in 1 case (5.5%). The border with the surrounding
spinal cord was clear in all the cases. Gadolinium enhancement
was homogenous in 8 cases (72.7%), heterogeneous enhance-
ment in 1 (9.0%), and ring-like enhancement in 1 (9.0%).

Associated syringomyelia was found in 2 cases (18.1%), cys-
tic lesions in 8 (72.7%), intramedullary edema in 6 (54.5%), and
hemosiderin deposition in 2 cases (18.1%). In the 2 cases with
syringomyelia, the syringomyelia shrank with removal of the
tumors. The extramedullary component of the tumor was found
in 7 cases (63.6%), and the remaining 4 cases (36.3%) had an
intramedullary component of the tumor (Fig. 1).

Preoperative diagnosis of schwannoma was possible in 6 cas-
es, and 4 cases were diagnosed as ependymoma. These tumors
were enhanced with gadolinium and were accompanied by cys-
tic lesions, syringomyelia, and hemosiderin deposition, which
are also seen in ependymomas. All 6 patients with preoperative
diagnosis of schwannoma had extramedullary regions on pre-
operative MRI. Three patients diagnosed with ependymoma
did not have exophytic lesions (Fig. 2, Table 1).

Clinical features of all cases are shown in Table 1.

DISCUSSION

Intramedullary schwannomas have a frequency of 0.3% in all
intraspinal neoplasms and 1.1% in spinal schwannomas, mak-

Table 3. Summary of magnetic resonance imaging findings of 11 cases

CoeNo. TL T2 Bmhancement Bdema (T SEMEECE B e (erdort sgonen)
1 Iso Iso-high Homogenous - + + - - 1
2 Iso Iso-high Homogenous + + + - + 1
3 Iso Iso-high Homogenous - - + - - 1
4* Iso High N/A - - + - - 1
5 Iso High Homogenous - + + - - 5
6 Low-iso Iso-high Ring-like + + - - - 2
7 Low-high  Iso-high Heterogenous + + - + - 3
8 N/A Iso-high Homogenous + + + + - 3
9 Iso Iso-high Homogenous + - + - - 2
10 Iso Iso-high Homogenous - + - - + 2
11 N/A Iso-high Homogenous + + - - - 1

N/A, not available.
*Neurofibromatosis type 1. "Neurofibromatosis type 2.
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ing it a very rare tumor."” They occur more frequently in men
at a ratio of 3:1, and the average age of onset is reported to be 40
years, with very few pediatric cases.>® The most common site of
occurrence is the cervical spine, followed by the thoracic and
lumbar spine.® In this study, the mean patient age at the opera-
tion was 50.2 years. The number of female patients (55%) was
slightly different from that in previous reports, as 6 (55%) were
predominant. The present study is a subanalysis of a previous
multicenter study’ which included 1,033 cases of intramedul-
lary tumors. Among the 1,033 intramedullary spinal cord tu-
mors, intramedullary schwannomas accounted for 1.06% of tu-
mors during the same period. Based on previous reports, Ross
et al.' estimated the frequency of intramedullary schwannomas
to be 0.3% of all intramedullary neoplasms and 1.1% of all spi-
nal cord schwannomas. The present study is significant because
it directly presents the frequency of intramedullary schwanno-
mas among spinal intramedullary tumors.

The unique feature of this study was not to report the status
of treatment at a single institution, but to identify the actual treat-
ment and status of intramedullary schwannoma in neurosurgi-
cal facilities in Japan, and to reveal the treatment and incidence
of this disease currently being performed in Japan. Treatment
results were generally comparable to previous reports, and the
treatment system was considered to be basically well maintained
on a nationwide basis.

https://doi.org/10.14245/1ns.2346376.188

Fig. 1. Representative magnetic resonance imaging findings of intramedullary
schwannoma reviewed in this study. (A) Ring-like enhancement. (B) Cyst for-
mation. (C) Hemosiderin. (D) Edema. (E) Syringomyelia. (F) Exophytic lesion.

The possible association between neurofibromatosis (NF) and
intramedullary schwannoma has been reported from Japan, where
it occurred in 2.2% of cases of NF type 1 (NF1).®* In addition, a
literature review reported 13.6% of those occurring in NF1 and
NF type 2 (NF2).” In the present study, 1 case was observed in
NF1 and 1 case in NF2, which suggests that intramedullary schw-
annoma can occur in NF as well as other types of schwannoma.

The pathogenesis of intramedullary schwannoma remains
unclear. The following developmental mechanisms are thought
to be responsible for the development of Schwann cell-derived
tumors that exist in peripheral nerves within the spinal cord and
central nervous system.

(1) Conversion of pial mesodermal cells into neuroectoder-

mal Schwann cells."’

(2) Schwannoma arises from Schwann cells in the dorsal root

entry zone and extends intramedullary.'""?

(3) Schwannoma arises from Schwann cells under the peri-
vascular nerve plexus of spinal cord vessels, resulting in
subpial extension.”

(4) Schwannosis occurs in proximity of the anterior spinal
artery."*

(5) Schwannomas occur due to the intrusion of neural crest
cells during embryogenesis."

(6) They result from inadequate regeneration of the spinal cord
after trauma or chronic disease.'

www.e-neurospine.org 751
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Fig. 2. Preoperative magnetic resonance imaging (MRI) findings in patients with preoperative diagnosis of ependymoma. (A-C)
Case 1. Preoperative MRI showing an isointense mass on the sagittal T1-weighted image (A), iso-high intense on T2 weighted
image (B), and homogenously enhanced on T1-weighted image with gadolinium with cystic lesion at the conus medullaris (C).
(D-F) Case 7. Preoperative MRI showing an isointense mass on the sagittal T1 weighted image (D), mixed intense on T2 weight-
ed image with hemosiderin deposition (E), and irregularly enhanced on T1-weighted image with gadolinium at the C3-5 level
(F). (G-I) Case 10. Preoperative MRI showing an isointense mass on the sagittal T1-weighted image (G), mixed intense on T2-
weighted image with syringomyelia (H), and homogenously enhanced on T1-weighted image with gadolinium at the T9-10 lev-
el (I). (J, K) Case 11. Preoperative MRI showing an iso-high intense mass on T2-weighted image with edema (J) and homoge-
nously enhanced on T1-weighted image with gadolinium at the T10-11 level (K).

The localization and extension of the tumors in the cases in-
cluded in this study can be divided into 2 main types: those that
are completely intramedullary. One was completely intramed-
ullary and the other was intramedullary to extramedullary ex-
tension. Considering these developmental mechanisms and tu-
mor localization, each type may have a different developmental
mechanism. The location within the spinal cord where the above
mechanisms occur may determine the morphology of the tumor.
That is, tumors that arise near the surface of the spinal cord are
thought to have exophytic lesions, while tumors that arise in

752 WWww.e-neurospine.org

more central areas of the spinal cord are thought to have intra-
medullary lesions (Fig. 3).

One of the problems in the treatment of intramedullary schwa-
nnomas is the difficulty of preoperative diagnosis. The problem
with preoperative MRI is its inability to differentiate schwanno-
mas from other intramedullary tumors, such as ependymomas
and astrocytomas, which are relatively more common among
intramedullary tumors. Since the surgical strategies for these
tumors are different from those for schwannoma, it is worth-
while to identify imaging differentiators."” In addition, owing to

https://doi.org/10.14245/1ns.2346376.188
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Fig. 3. Classification of tumor form based on the location of
tumor origin. (A) Tumor originates from the superficial layer
within the spinal cord. (B) Tumor originates near the center
within the spinal cord. Red area, tumor; brown area, gray mat-
ter; yellow area, white matter; gray area, root.

the histological and structural characteristics of the tumor (Anto-
ny type A and type B), spinal schwannomas present various mag-
netic resonance (MR) appearances, such as cystic formation and
ring-like enhancement.'®

In a report by Gupta et al.,” MRI findings were a mixture of
T2 hyperintensity changes and T2 isointense tumors. The tumor
was strongly enhanced with the use of gadolinium. In addition,
a cyst formed caudally to the tumor, which could be considered
as a differential diagnosis for ependymomas or astrocytomas.
The tumor was completely intramedullary, with edema around
the tumor. Sekar et al.” reported a case of cervical intramedul-
lary schwannoma with a hemosiderin cap sign that was difficult
to distinguish from that observed in ependymoma. The causes
of bleeding in schwannoma include spontaneous thrombosis of
vessels with distal tumor necrosis, traction of vascular attach-
ments to the nerve roots, neovascularization, and central isch-
emic necrosis.” In the present study, hemosiderin deposition
was observed in 2 cases. This finding also makes differentiation
from other intramedullary tumors difficult. Wu et al.” compared
imaging findings and clinical symptoms in 8 intramedullary
schwannoma cases and 243 glioma (ependymoma and astrocy-
toma) cases treated at the same time. In schwannomas, hypoin-
tensity on T1-weighted images, hyperintensity or mixed inten-
sity on T2-weighted images, and associated syringomyelia and
cysts were observed. However, these findings showed no signif-

https://doi.org/10.14245/ns.2346376.188

icant differences between gliomas and intramedullary schwan-
nomas. The authors suggest that the initial presentation of so-
matic pain or root pain is significantly common in patients with
intramedullary schwannoma and that a preoperative diagnosis
should be made based on the imaging findings and clinical course
of the disease. In the present case series, as in previous reports,
90.9% of the cases showed limb paresthesia as the initial symp-
tom. Many of our cases showed T1 iso intensity and T2 mixed
iso-to high intensity on MRI. Similarly, syringomyelia and cys-
tic formation were seen in some cases, and in addition, hemo-
siderin deposition was seen in some cases. These are common
findings in ependymoma, thus the many similarities in imaging
findings may be a factor that contributes to the difficulty in dif-
ferentiating ependymoma from intramedullary schwannoma.”
On the other hand, most of the tumor lengths including cystic
lesions in the present study cases are less than 3 vertebral, and
even shorter if only the enhanced region is considered. Epen-
dymoma has been reported to have a tumor length of 3-4 ver-

tebral levels,?>?

and the relatively short tumor length may be a
point of differentiation between intramedullary schwannomas
and ependymomas. We believe that the tumor is detected at a
relatively small stage because schwannoma is a benign tumor
and develops slowly, reflecting the nature of benign tumors. Tu-
mors with extramedullary lesions may involve nerve roots rela-
tively early in the process of tumor development and may de-
velop and be diagnosed with dysesthesia or pain.

The characteristic findings of intramedullary schwannoma
include a clear border between the tumor and the surrounding
spinal cord on MRI and a strong enhancing effect.** In addition
to intramedullary tumors, some studies have reported that con-
trast-enhanced MRI findings of enlarged roots contiguous with
the tumor may be helpful in the diagnosis of intramedullary
schwannoma.*

Because schwannoma is a benign tumor, the dissection plane
is usually clear, and GTR is likely to be achieved. If there is a strong
adhesion between the tumor and the surrounding nerves or
spinal cord, additional neurological symptoms may be exacer-
bated postoperatively if the tumor is removed for GTR. There-
fore, if the dissection plane is unclear, STR should also be an
option to avoid surgical complications.>**” For large tumors,
staged operations should be considered to minimize the occur-
rence of postoperative neurological deficit.”® In our case, one
patient who underwent STR showed symptomatic improvement
and one patients neurological symptoms remained unchanged
postoperatively. As observed in the present study, long-term
follow-up is important because of the possibility of recurrence

www.e-neurospine.org 753



Hara T, et al.

Intramedullary Schwannoma of the Spinal Cord

and symptom relapse in patients who underwent STR.” Post-
operative chemotherapy or radiation therapy is not recommend-
ed, and tumor resection is considered if the residual tumor pro-
gresses or symptoms develop.*

CONCLUSION

Intramedullary schwannoma presents with a variety of imag-
ing findings, making a preoperative diagnosis from imaging dif-
ficult, especially in the absence of exophytic lesions, which makes
its differentiation from other intramedullary tumors difficult.
Therefore, a differential diagnosis must be considered based on
the clinical course and symptoms.

Schwannomas should be considered, especially when sharp
margins and well-enhanced tumors are present at the level of
the cervical spine and the initial symptoms are relatively mild,
such as pain or dysesthesia. Schwannomas are benign tumors,
and a good clinical outcome can be expected if GTR is achieved.
However, it is possible to control the tumor without worsening
neurological symptoms, even with STR; therefore, it is impor-
tant to limit the treatment to STR if GTR is not feasible.
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