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Background and Importance. Subependymoma occurs very rarely in the spinal cord. We report another case of spinal
subependymoma along with a review of the literature and discussion of a radiological finding that is useful for preoperative
diagnosis of this tumor. Clinical Presentation. A 51-year-old man presented with a 2-year history of progressive muscle weakness in
the right lower extremity. Sagittal magnetic resonance imaging (MRI) showed spinal cord expansion at the Th7-12 vertebral level.
Surgical resection was performed and the tumor was found to involve predominantly subpial growth. Histological diagnosis was
subependymoma, classified as Grade I according to criteria of World Health Organization. We made an important discovery of
what seems to be a characteristic appearance for spinal subependymoma on sagittal MRI. Swelling of the spinal cord is extremely
steep, providing unusually large fusiform dilatation resembling a bamboo leaf. We have termed this characteristic MRI appearance
as the “bamboo leaf sign.” This characteristic was apparent in 76.2% of cases of spinal subependymoma for which MRI findings
were reported. Conclusion. The bamboo leaf sign on spinal MRI is useful for differentiating between subependymoma and other
intramedullary tumors. Neurosurgeons encountering the bamboo leaf sign on spinal MRI should consider the possibility of

subependymoma.

1. Background and Importance

Subependymoma, first described by Scheinker [1] in 1945, is a
rare central nervous system tumor, accounting for 0.7% of all
intracranial tumors [2]. Subependymoma is a relatively slow-
growing benign tumor corresponding histologically to World
Health Organization (WHO) Grade I [3]. About 50% of these
tumors are clinically silent and only found incidentally at
autopsy [3, 4], with the remaining 50% presenting symp-
tomatically during life. This pathology is most frequently
identified in the fourth ventricle (50-60%), followed by the
lateral ventricles (30-40%) [3-6], and occurs very rarely
in the spinal cord. To the best of our knowledge, only 54
cases of spinal subependymomas have been reported in the
literature [2, 7-30]. We report here another case of spinal
subependymoma with a review of the literature and the new
radiological findings, which may be useful for a preoperative
diagnosis of this tumor.

2. Clinical Presentation

A 5l-year-old man presented with a 2-year history of pro-
gressive muscle weakness in the right lower extremity and
dysesthesia in both lower extremities. Neurological examina-
tion revealed severe loss of all sensory modalities below the
L1 dermatomes. Motor examination revealed monoparesis
of the right lower limbs, and muscle power assessment
showed Grade 1/5 in tibialis anterior, extensor hallucis longus,
gastrocnemius, and flexor hallucis longus in Manual Muscle
Testing. Deep tendon reflexes in both lower limbs were
hyperactive. He presented with slight bladder and rectal
disturbance of constipation and inability to urinate.

2.1. Neuroimaging Findings. Sagittal images from T2-weight-
ed imaging (T2WI) (Figure 1(a)) showed cord expansion and
a hyperintense signal extending from the Th7 to Th12 verte-
bral level, surrounding both anterior and posterior aspects of
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FIGURE I: (a) Sagittal T2W1 showing cord expansion and hyperintense signal extending from the Th7 level to Thi2 level surrounding both
anterior and posterior aspects of cord. (b) Sagittal TIW1 showing an isointense mass with no clear-cut demarcation between cord and tumor.
(c) Gadolinium contrast-enhanced MRI reveals slight enhancement. This is only a part of the tumor.

the cord. Sagittal images from TI-weighted imaging (TTWT)
(Figure 1(b)) revealed an isointense mass lesion with no clear-
cut demarcation of the interface between the spinal cord and
tumor. A small enhanced portion was seen with gadolinium
administration (Figure 1(c)). Axial T2WI showed extension
of the tumor along bilateral surfaces of the spinal cord with
strong compression (Figure 2). The spinal cord was severely
deformed from compression by the tumor. At the marginal
portion of the tumor, cord expansion was extremely steep.
Imaging findings were considered to favor an intramedullary
tumor, and differential diagnoses of ependymoma and astro-
cytoma were considered.

2.2. Operative Intervention and Findings. A two-stage oper-
ation for resection of the tumor was performed. The first
surgery included Th7-ThI2 laminectomy and removal of half
of the tumor. Two weeks postoperatively, a second surgery
was performed to remove the residual tumor. The tumor
was found to be predominantly subpial, showing an eccentric
position with an indistinct plane between the tumor and cord.
The tumor was soft, greyish, and avascular and was lying
bilaterally alongside the spinal cord. Radical tumor decom-
pression was performed and subtotal resection was achieved.

2.3. Histopathological Findings. The tumor tissue was fixed
in 10% neutral-buffered formalin, routinely processed, and
embedded in paraffin. Sections of 5ym thickness were cut,
stained with hematoxylin and eosin, and examined. The
tumor comprised cells with fine processes and round-to-
ovoid nuclei, arranged in clusters within microcystic back-
grounds. No ependymal rosette formation was seen. Mor-
phological features of malignancy, such as cellular anaplasia,
necrosis, and increased mitosis, were absent. MIB-I labeling
index was very low (0.1%). Based on these features, a
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FIGURE 2: Axial T2WI at the Th8-11 level, showing an eccentric

intramedullary tumor located bilaterally. Bars indicate levels of axial
views for Th8 (a), Th9 (b), Th10 (c), and Thil (d).

histological diagnosis of subependymoma (WHO Grade I)
was made.

2.4. Postoperative Course. Postoperatively, the patient devel-
oped paraparesis and severe bladder and rectal disturbance.
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FIGURE 3: Bamboo leaf sign. The figure shows MRI of spinal subependymoma from our case. (a) TIWI. (b) T2WI. Sagittal MRI shows steep
swelling of the spinal cord (arrows) and unusually large fusiform dilatation, resembling the shape of a bamboo leaf (c).

Muscle power assessment of the lower limbs showed Grade
2/5. No delayed complications or tumor recurrence occurred
during the follow-up period of 24 months.

3. Discussion

Spinal subependymoma is much less frequent than intracra-
nial subependymoma [3-7, 13, 31]. Since the initial descrip-
tion of spinal cord subependymoma by Boykin et al., 54 cases
have been reported in the literature [1-48]. Most reports have
involved single cases; no large series have been described.

Spinal subependymoma is a slow-growing and noninva-
sive benign tumor, accounting for 1~2% of all spinal ependy-
mal tumors [32]. This pathology corresponds histologically
to WHO Grade I [33]. The age of patients at diagnosis has
ranged from 6 to 73 years, with a mean of 43.6 years. A male
preponderance has been noted (males : females =3 : 2) [1-48].
The majority of these tumors have shown an intramedullary
location, within the cervical (26 cases), thoracic (22 cases),
or lumbar region (2 cases). One patient displayed holocord
subependymoma. In 3 cases, location of the tumor was not
described [9].

The majority of spinal subependymomas originate from
intra-axial tissue. A distinctive feature noted at surgery is the
eccentric subpial location of these subependymomas, in con-
trast with the central location of ependymomas and astrocy-
tomas. A number of reports have described subependymoma
exhibiting subpial growth.

This tumor is difficult to differentiate from spinal astro-
cytoma or ependymoma on the basis of clinical and radio-
logical findings. No pathognomonic features distinctive for
subependymoma have previously been reported on MRI. We
report for the first time a specific feature of spinal subependy-
moma on MRI which may help distinguish this tumor from
other intramedullary tumors, such as astrocytoma or ependy-

moma. We made an important discovery of a characteristic
appearance common to spinal subependymomas on sagittal
MRI. Swelling of the spinal cord is extremely steep, taking the
form of an unusually large fusiform dilatation resembling a
bamboo leaf on sagittal MRI (Figure 3). We have therefore
termed this characteristic appearance as the “bamboo leaf
sign” (Figure 4). MRI findings have been described for 21
cases reported since 1995 (including the present case), with
16 cases (76.2%) displaying the bamboo leaf sign (Table 1).
This sign is the product of the steep swelling of the spinal cord
resulting from subpial growth of the tumor (Figure 4).

Spinal astrocytoma and ependymoma do not show the
bamboo leaf sign due to their central location in the spinal
cord. MRI instead reveals gradual fusiform dilatation of
the spinal cord with these tumors. The bamboo leaf sign
thus appears useful for differentiating between subependy-
moma and other intramedullary tumors, although careful
differentiation is needed for subpial growing tumors such as
hemangioblastomas and intramedullary infection.

4. Conclusion

Due to the rarity of spinal subependymoma, this pathology
may be omitted from preoperative differential diagnosis;
however, awareness of the existence of these tumors within
the spinal cord is necessary. It is important for neurosurgeons
and pathologists to recognize and diagnose this entity and
to differentiate it from both astrocytoma and ependymoma.
The importance of correct diagnosis lies in the fact that
these tumors are completely benign, and total resection
will achieve complete cures without the need for adjuvant
therapy. When total resection is impossible due to a lack
of demarcation from the cord or tumor infiltration into the
surrounding cord, aggressive treatment should be avoided.
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FIGURE 4: Schematic representation of MRI findings for spinal subependymoma demonstrating the bamboo leaf sign. (a) Other
intramedullary tumors like ependymoma and astrocytoma show gradual dilatation of the spinal cord. (b) Spinal subependymoma shows
steep swelling of the spinal cord due to subpial growth. (c) Blue dashed line shows sagittal section for MRI of the spinal subependymoma. (d)
Sagittal T2WT of subependymoma showing bamboo leaf sign. T, tumor; P, pia mater.

TABLE 1: Summary of cases of spinal subependymomas reported since 1995.

Author, year Number of reported

MRI available cases

Tumor location (MRI Bamboo leaf sign

cases available cases)
Hoeftel et al., 1995 1 1 Cl-5 +
Tacconi et al., 1996 1 1 C6-7 +
Jallo et al., 1996 6 3 C6-Th1/C4-Th1/C7-Thl +/+/—-
Dario et al., 2001 1 1 Th9-L1 +
Matsumoto and Nakagaki, 2002 1 1 Th2-7 +
Sarkar et al., 2003 1 1 C3-7 -
Shimada et al., 2003 2 1 Th5-8 +
Kremer et al., 2004 1 1 Thll-L2 +
Fukuzumi et al., 2006 1 1 Th3-7 +
Yadav et al., 2008 1 1 Th5-9 +
Jang et al., 2009 1 1 Thil-12 -
Orakcioglu et al., 2009 2 2 Th10-12/Th11-L1 ++
Zenmyo et al., 2010 1 1 Cl-2 -
Jabri et al., 2010 1 1 Th10-L1 +
Yamamoto, 2010 4 1 C6-Th5 +
Krishnan et al., 2012 1 1 C3-Th4 +
Iwasaki et al., 2013 1 1 Thll-12 =
Our case, 2013 1 1 Th7-12 +
Total 28 21 C: 8 cases/Th: 13 cases 16 (76.2%)
Even if the tumor remains, long-term prognosis is considered ~ References

good because of the benign behavior of this pathology. For
neurosurgeons encountering the bamboo leaf sign on spinal
MRI, the possibility of subependymoma should be kept in
mind.
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