
Imaging Features of Intramedullary Spinal Cord
Lesions with Histopathological Correlation
Bhanupriya Singh1 Abhishek Chauhan1 Gaurav Raj1

1Department of Radiodiagnosis, Dr. Ram Manohar Lohiya Institute of
Medical Sciences, Lucknow, Uttar Pradesh, India

Asian J Oncol

Address for correspondence Bhanupriya Singh, MD, Department of
Radiodiagnosis, Dr. Ram Manohar Lohiya Institute of Medical
Sciences, Vibhuti Khand, Gomti Nagar, Lucknow, Uttar Pradesh, India,
226010 (e-mail: dr.singh.radiology@gmail.com).

Keywords

► spinal cord lesions
► MRI
► spinal cord lesions
► ependymoma
► astrocytoma
► metastasis
► granuloma

Abstract Purpose Most of the intramedullary spinal cord lesions have a component of insidious
myelopathic changes at the time of diagnosis. Among the spinal cord lesions, intra-
medullary neoplasms are rare (25%). They represent 4 to 10% of all central nervous
system tumors. But due to involvement of tracts, they are associated with significant
neurological symptoms. Their imaging features can help early diagnosis and predict
prognosis. We aim to narrow down differential diagnoses of intramedullary lesions
based on imaging findings.
Materials and Methods This retrospective study included 40 patients as a sample
that underwent magnetic resonance imaging spine at our institution (on 3T machine).
Patient population had varied clinical complaints, ranging from headache, nausea,
vomiting, motor weakness, bladder and bowel involvement, progressive paraparesis to
paraplegia. Lesions were evaluated site, size, margin, associated cysts, signal intensity,
enhancement, and associated syringohydromyelia.
Results This study obtained majority of the lesions to be ependymoma (15) and
astrocytoma (11), followed by infection (4), hemangioblastoma (3), andmetastasis (2).
Five patients were either lost to follow-up or not operated on.
Conclusion Most of the intramedullary lesions were malignant and were showing
postcontrast enhancement. Ependymomas were more frequently present in cervical
region, central in location with well-defined margins and focal postcontrast enhance-
ment. Among the total of 15 ependymomas, three cases were associated with
neurofibromatosis-2. Ependymomas were more frequently associated with syringohy-
dromyelia and peripheral hemorrhage (cap sign). Astrocytoma was more frequently
seen in children, thoracic and eccentric in location with ill-defined margins. Enhance-
ment in astrocytoma was dependent on the grade of tumor. Metastasis was a
differential, with imaging characteristics dependent on type of primary. Intramedullary
granuloma due to infection can also be confusing mimics of neoplasm. High-velocity
signal loss due to flow voids is seen in the hemangioblastomas.
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Introduction

Despite their rarity, intramedullary lesions hold diagnostic
importance due to significant neurological compromise.
Intramedullary neoplasms are rare, comprising 25% of the
total spinal cord lesions. They represent 4 to 10% of all
central nervous system tumors.1 Their imaging character-
istics help narrow down differential diagnosis and impact
prognosis. On magnetic resonance imaging (MRI), these
lesions present with cord enlargement, enhancement, and
other features like syringohydromyelia, cysts, and hemor-
rhage.2,3 They hold high risk of neurologic deficits from the
disease process as well as surgical interventions. Presenting
complains were dependent on location and extent of tumor;
and the less preoperative neurologic deficit existing at
presentation, the better the postoperative outcome was
obtained. Hoshimaru et al found that the shorter the
duration of symptoms, the better is the probability of
long-term survival, prognosis, and postoperative
outcome.4,5

Materials and Methods

Image Acquisition
Images were acquired using GE SNIGMA 3T MR system
imaging protocol that includes sagittal and axial T1-weight-
ed and T2-weighted sequences and contrast-enhanced T1-
weighted sequences in the sagittal, axial, and coronal planes.
Short time inversion recovery (STIR) was added for the
evaluation of intramedullary cord lesions as well as for the
detection of bone abnormalities.

Statistical Analysis
All the results were analyzed with ratios and proportions.

Results

In the present study, we present data on the distribution of
40 patients with intramedullary spinal lesions with analysis.
Clinical symptomswere directly proportional to size and site
of spinal lesion. Diagnosis of most of the lesions was

Fig. 1 Recurrent astrocytoma in a 19-year-old male presenting with paraplegia. Sagittal T2 (A and B) and short time inversion recovery (C)
images showing diffuse hyperintense intramedullary lesion (white arrow) with long segment syrinx along cranial aspect (curved white arrow) (B).
Adjacent postoperative and postradiotherapy changes noted. Sagittal postcontrast T1 (D and F) showing heterogeneous enhancement (white
elbow arrow connector). Sagittal and axial T2 (E and G) and sagittal and axial postcontrast T1 (F and H) showing multiple similar intensity lesions
(thick white arrow) with postcontrast enhancement noted in cauda equina region suggestive of drop metastasis.
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confirmed on histopathology apart from five cases (12.5%)
that either refused to get operated or were lost to follow-up.
Astrocytomas (11 cases, 27.5%; ►Fig. 1) and ependymomas
(15 cases, 37.5%; ►Figs. 2, 3) comprised of maximum cases,
followed by two cases of metastasis (5%; ►Fig. 4), four cases
of infective granuloma (10%; (►Fig. 5), and three cases of
hemangioblastoma (7.5%; ►Chart 1, ►Table 1). There were
17 males (42%) and 23 females (58%; ►►Chart 2). There was
wide age distribution, ranging from 2s to 84 years. However,
maximum cases were seen in 10 to 20 years age group
(►Chart 3). As observed on axial images, 31 cases (77%)
were located centrally and 9 cases (23%) peripherally
(►Chart 4). Average craniocaudal extent of lesions was
around three vertebral segments, withwide range extending
from 1 to 8 vertebral segments. Most of the cases were seen
in cervical (23 cases, 57%), thoracic (13 cases, 32%) spine,
followed by thoraco-lumbar (2 cases, 5%), lumbar (1 case,
3%), and sacral spine (1 case, 3%; ►Charts 5 and ►Chart

6; ►Table 2).
At least some form of enhancement was seen in 36 cases

(90%) and no enhancement was seen in four cases (10%).

Intense focal enhancement was seen in 14 cases (35%) and
diffuse enhancement was seen in 22 cases (55%; (►Charts 7

and ►Chart 8). Hemorrhage was present in 28 cases (70%)
and no hemorrhage was present in 12 cases (30%). Classical
T2 hypointense “Cap sign”was seen in 14 cases (35%; (►Figs.

2 and 3;►Charts 9 and 10). Syringohydromyelia was present
in 21 cases (52%; ►Chart 11).Well-defined sharp margins
were seen in 32 cases (80%) and ill-defined blurred out
margins were seen in 8 cases (20%; [►Chart 12]). Most of
the lesions were iso- to hypointense on T1-weighted images,
and hyperintense on T2 and STIR images (►Table 3). Cysts
were commonly associated with the lesions. Nonenhancing
plain cysts were seen in 22 cases (47%) and enhancing
tumoral cysts were seen in 25 cases (53%; (►Chart 13).

Discussion

In an attempt to build community-based study on the spinal
lesions in the region, medical records of tertiary care super-
specialty center of North India, over a period of 3 years, are
analyzed. Ependymomas are most common intramedullary

Fig. 2 Ependymoma in a 35-year-old male. Sagittal T2 (A) and short time inversion recovery (STIR) (B) post-contrast T1 (C) images showing
moderately enhancing solid cystic heterogeneous hyperintense intramedullary lesion with internal foci of hemorrhage (white arrow). T2
hypointense rim noted along caudal aspect, giving “cap sign” (white arrowhead). Cranially it is reaching up to floor of fourth ventricle and
compressing adjacent medulla (curved white arrow). Caudally it is compressing cord and causing complicated syrinx with septation. Coronal
STIR image (D) confirms above findings with demarcation of craniocaudal extent. Well-defined nonenhancing cyst along caudal aspect of lesion,
demonstrating “cap sign.”Axial T2 and post-contrast T1 (E and F) images confirm the above findings with nonenhancing cysts (white elbow arrow
connector).
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tumors in adult age group, and have association with neuro-
fibromatosis-2. They are known to arise from ependymal
lining of spinal cord and hence are seen more frequently
central in location.6,7 Ependymomas have well defined mar-
gins, and are seen more frequently to compress the cord,
rather than infiltrating it. At the junction of ependymoma
and normal cord, the traversing vessels get stretched and
eventually bleed. This leads to peripherally placed foci of
hemorrhage, more prominent along craniocaudal margin,
leading to “cap sign” (hypointense hemosiderin rim on T2-
weighted images) in nearly 30% cases7,8(►Figs. 2 and 3). Our
findings were in accordance to Bhat et al in which the
incidence of spinal cord primary and metastatic tumors in
this province is approximately 0.2/100,000 persons per year
for all ages. The malignant spinal cord tumors were found in
0.07/100,000 person per year.9 Brotchi and Fischer et al
suggested that nontumoral (polar) cysts are associated
with ependymoma more commonly than tumoral cysts.
Tumoral cysts are usually intrasubstance that reflect necro-
sis, hemorrhage, or degeneration, which show inhomoge-
neous signal intensity and peripheral contrast enhancement

on MRI (►Fig. 1). Nonenhancing nontumoral(polar) cysts
show cerebrospinal fluid (CSF) signal extends beyond the
cranial or caudal pole of the neoplasm1,10 (►Figs. 2 and 3).
Removal of nontumoral cysts can be skipped, and they can be
aspirated, drained, or shunted, which allows for a smaller
laminectomy needed to only resect the solid tumor por-
tions.11 Presence of syringohydromyelia is seen more con-
sistently with ependymoma, than astrocytoma according to
Kim et al. They defined syrinx as cystic cavity lined by gliotic
parenchyma that arises outside the central canal. Ependy-
mal-lined cystic central canal dilatation was referred as
“hydromyelia.”12,13 However, due to overlapping features
of syrinx and hydromyelia, combined term of syringohydro-
myelia has been used.14,15 Most of the ependymomas were
T1 iso- to hypointense, with hyperintensity on T2 and STIR
images, and homogenous intense postcontrast enhance-
ment12,14,15 (►Figs. 2 and 3). Ependymomas tend to occur
commonly in association with neurofibromatosis 2. Com-
mon location for the myxopapillary variant is in sacrococcy-
geal region and is believed to arise from either heterotopic
ependymal cell rests or vestigial remnants of the distal

Fig. 3 Known case of ependymoma in a 18-year-old female. Sagittal T2 (A) and short time inversion recovery (B) postcontrast T1 (C) images
show heterogeneous hyperintense intramedullary lesion with small intralesionsal cysts (white arrow). Cranially it is reaching up to medulla
(curved white arrow). Axial T2 and postcontrast T1 (D and E) images confirm the above findings with nonenhancing cysts (white elbow arrow
connector).
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Fig. 4 Multiple metastasis in case of posterior fossa primary tumor (white arrowhead). Sagittal T2 (A) and postcontrast T1 (B) images showing
heterogeneously enhancing intramedullary deposits (white arrow). Few smaller intradural enhancing deposits also noted in cervical cord
(curved white arrow). Axial T2 (C) and axial postcontrast T1 (D) images show enhancing deposits along thoracic cord, closely abutting adjacent
dura (white arrow).

Fig. 5 Multiple tuberculomas in a19-year-old female, presenting with seizures. Sagittal T2 (A) and postcontrast T1 (B) images of spine showing
enhancing dural thickening along thoracic cord (white arrow) and nerve roots with adjacent cord edema. Axial postcontrast T1 (C) images of
brain showing multiple ring enhancing lesion in bilateral perisylvian region, left basifrontal, left gangliocapsular (curved white arrow) with
meningitis (elbow arrow connector).

Asian Journal of Oncology © 2022. Spring Hope Cancer Foundation & Young Oncologist Group of Asia. All rights reserved.

Imaging Features of Intramedullary Spinal Cord Lesions with Histopathological Correlation Singh et al.



neural tube during canalization and retrogressive
differentiation.15,16

Astrocytomas are second most common intramedullary
tumors, and most common among pediatric age group. They
present with long multisegment (4–7 vertebral bodies) and
holocord involvement pattern. Arising from astrocyte glial
cells, they are known to be more cellular with ill-defined
margins.14,16Hence, they lack well-defined capsule or cleav-
age plane, making them prone for incomplete surgical resec-
tion and thereby recurrence. Astrocytomas are eccentric in

Chart 1 Percentage wise occurrence of intramedullary spinal cord
lesions depicted by a pie chart.

Table 1 Distribution of intramedullary spinal cord lesions

Sr. No. Spinal tumors (Total, n¼ 40)

1 Ependymoma 15 (37.5%)

2 Astrocytoma 11 (27.5%)

3 Infective granuloma 4 (10%)

4 Hemangioblastoma 3 (7.5%)

5 Metastasis 2 (5%)

6 Not operated 5 (12.5%)

Chart 2 Gender distribution of intramedullary spinal cord lesions
depicted by a pie chart.

Chart 3 Age distribution of intramedullary spinal cord lesions
depicted by a bar diagram.

Chart 4 Pie chart showing percentage distribution of location of intramedullary spinal cord lesions, located axially with respect to central canal.
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location with the presence of associated cysts in approxi-
mately 30%.13,17 Astrocytomas associated with neurofibro-
matosis 1 tend to have lower grade (pilocytic astrocytoma)
andmost commonly involve thoracic location.12,14 They tend
to have plane of dissection, and gross total resection can be
attempted (►Fig. 1). However, higher grade astrocytomas
are infiltrative, and complete resection without causing
injury to the normal tissue is seldom accomplished.11,12

Therefore, conservative decompression, partial tumor re-
moval, cyst decompression, and tissue diagnosis are com-
monly performed. In case of infiltrative residual or recurrent
high-grade tumors, postoperative radiotherapy and chemo-
therapy are recommended. Their MRIs appear to expand the
cord and are hypo- to isointense on T1-weighted images,
hyperintense on T2 and STIR images, with varying degrees of
patchy postcontrast enhancement.13,14 Differences between
astrocytomas and ependymomas are compiled in ►Table 4.

Hemangioblastomas comprise of nearly 7% of all intra-
medullary neoplasms and show short segment involvement
with prominent flow voids.18 They have cystic component
with enhancing highly vascular nodular component. They
have associated surrounding edema, syrinx and nearly one-
third of them have association with Van Hippel Lindau
disease.18,19

Intramedullary spinal cord metastases are comparatively
rare, especially in absence of known primary malignancy.20

Dropmetastasis can occur via CSF dissemination through the
spinal cord, central canal, or contiguous spread from carci-
nomatous meningitis (►Fig. 4). Most common route of
spread through hematogenous dissemination is either arte-
rial or retrograde spread from the venous system. Presence of

Chart 5 Pie chart showing percentage distribution of location of intramedullary spinal cord lesions, located vertically with respect to segment of
spinal column.

Chart 6 Bar diagram showing percentage distribution of location of
intramedullary spinal cord lesions, located vertically with respect to
segment of spinal column.

Table 2 Distribution of length of vertebral segment involved

Sr. No. Length of
vertebral
Segment involved

Number
of patients

1 1 5

2 2 8

3 2.5 2

4 3 10

5 3.5 3

6 4 5

7 5 5

8 6 1

9 7 1

10 8 1
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cystic change/hemorrhage makes their possibility unlikely.
They show postcontrast enhancement with extensive edema
for lesion size.20,21

Infective granulomas presented as fusiform cord swelling
with ill-defined iso- to hyperintensity on T1-weighted imag-
ing (►Fig. 5). Surrounding edema maybe present with T2
hypointense area.22 Adjacent disc may show enhancement,
depending on involvement. Varying amounts of caseous
necrosis and liquefaction present as central hyperintensities.

An isohypointense rim, showing enhancement, was seen
surrounding a hyperintense center.19,22

Conclusion

Intramedullary lesions of cord are rare in general population
and can be a diagnostic challenge. Hence, the onus of giving
relevant and correct differential lies on the radiologist. They
are associated with neurological compromise depending on

Chart 7 Pie chart showing percentage distribution of presence of enhancement in intramedullary spinal cord lesions.

Chart 8 Pie chart showing percentage distribution of enhancement characteristics of intramedullary spinal cord lesions.
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Chart 9 Pie chart showing percentage distribution of hemorrhage in intramedullary spinal cord lesions.

Chart 10 Pie chart showing percentage wise presence of T2 cap sign, secondary to hemorrhage in intramedullary spinal cord lesions.

Chart 11 Pie chart showing percentage wise presence of syringohydromyelia, secondary to dilation of central canal in intramedullary spinal cord
lesions.
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Chart 12 Pie chart showing percentage wise presence of type of margins in intramedullary spinal cord lesions.

Table 3 Distribution of MRI signal intensities

Sr. No. Signal intensity (Total, n¼ 40)

1 T1 signal intensity T1 Hypointense 14 (35%)

2 T1 Isointense 24 (60%)

3 T1 Hyperintense 2 (5%)

4 T2 signal intensity T2 Hypointense 1 (2.5%)

5 T2 Isointense 9 (22.5%)

6 T2 Hyperintense 29 (72.5%)

7 STIR signal intensity STIR Hypointense 0

8 STIR Isointense 0

9 STIR Hyperintense 40 (100%)

Abbreviations: MRI, magnetic resonance imaging; STIR, short time inversion recovery.

Chart 13 Pie chart showing percentage wise presence of type of peri tumoral cysts in intramedullary spinal cord lesions.
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size and site of lesion. Focusingon size, location,margin, cord
expansion with narrowing of the surrounding CSF space
signal intensity, pattern of contrast enhancement, presence
of syringohydromyelia, tumoral cyst, nontumoral cyst, and
hemorrhage offer a systematic approach to imaging inter-
pretation of these conditions, and can greatly narrow the
differential diagnosis.
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