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MR of Spinal Cord Ganglioglioma

Uresh Patel, Richard S. Pinto, Douglas C. Miller, Michael S. Handler, Lucy B. Rorke,
Fred J. Epstein, and Irvin I. Kricheff
PURPOSE: Our purpose was to describe the MR imaging features in a series of spinal
intramedullary gangliogliomas and to compare these findings with the MR features of in-
tramedullary astrocytomas and ependymomas.

METHODS: A retrospective analysis was performed of 76 MR examinations in 27 patients with
histologically proved spinal ganglioglioma; these were then compared with imaging findings in a
representative sample of histologically proved spinal cord astrocytomas and ependymomas.

RESULTS: Statistically significant observations regarding spinal gangliogliomas included young
age of the patients (mean, 12 years), long tumor length, presence of tumoral cyst, presence of bone
erosion and scoliosis, absence of edema, presence of mixed signal intensity on T1-weighted images,
and presence of patchy enhancement and cord surface enhancement. A trend (not statistically
significant) was noted for holocord involvement and lack of magnetic susceptibility.

CONCLUSION: Spinal ganglioglioma can be strongly suspected if MR images reflect the
above criteria; however, the ultimate diagnosis still depends on radical resection and appro-
priate histopathologic investigation.
Gangliogliomas are relatively rare primary tumors
of the CNS. They are composed of a mixture of
neoplastic mature neuronal elements (ganglion cells)
and neoplastic glial elements, primarily astrocytic.
Gangliogliomas are said to account for 0.4% to 3.8%
of all primary brain tumors (1–3); however, they are
more common in children, among whom ganglioglio-
mas may account for as much as 10.7% of primary
CNS neoplasms (3). They have probably been under-
diagnosed, since until recently, the identification of
neoplastic neuronal elements depended on uncertain
methods. Recent advances in immunohistochemistry
allow for greater confidence in diagnosis (4–9).

While these tumors may occur anywhere in the
neuraxis, the most common sites are said to be the
temporal lobes and cerebellum (10). Some authors
have stated that the spinal cord is the least affected
site in the CNS, with only 1.1% of all spinal neo-
plasms being gangliogliomas (11). To date, only 46
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spinal cord gangliogliomas have been reported (1, 3,
12–23), the largest group from NYU Medical Center
(3, 22, 23) (these were not been counted more than
once, although some were included in more than one
publication). MR features have been reported for
only four examples (18–20).

Spinal cord gangliogliomas, like those in the cere-
brum, have been reported to have a low malignant
potential (3) and a relatively good prognosis (3, 22,
23), albeit with a substantial frequency of local recur-
rence. We have advocated gross total resection with-
out adjunctive therapy as the treatment of choice (3,
22, 23), similar to our practice with other low-grade
spinal cord intramedullary neoplasms (24–27). In
contrast, high-grade neuroglial tumors of the cord do
not appear to benefit from radical resection (27, 28);
it is therefore important that preoperative MR stud-
ies allow recognition of ganglioglioma. The utility of
MR imaging in the evaluation of neoplasms of the
spinal cord is well established (29–46). This study
presents MR imaging features of 27 pathologically
proved intramedullary spinal cord gangliogliomas and
compares them with MR features of representative
sets of astrocytomas and ependymomas of the cord.

Methods

Case Selection
The case files of the division of neuropathology at our

institutions were reviewed for all patients in whom ganglio-
glioma of the spinal cord was diagnosed during the period from
January 1977 to December 1994. We also included all tumors
reclassified as ganglioglioma after retrospective review (3, 22,
23). Our search produced a total of 78 patients with histolog-
9
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FIG 1. 21-year-old man with holocord
ganglioglioma.

A, Midsagittal fast spin-echo T2-
weighted (4000/118/2) image of the cervi-
cal and upper thoracic spine shows an
intramedullary tumor with a solid rostral
and cystic caudal component. The signal
intensity is homogeneous (arrow).

B, Corresponding sagittal spin-echo T1-
weighted (500/15/2) image shows the
solid rostral component of the tumor to be
hypointense (arrow) relative to normal
neural tissue within the cerebellum.

C, Composite midsagittal contrast-en-
hanced spin-echo T1-weighted (500/15/2)
image of the entire spine shows tumor
extending from the medulla to the conus.
The solid rostral component enhances in a
patchy fashion with enhancing and nonen-
hancing areas (arrowheads). The caudal
cyst does not enhance (arrow), indicating
that it is reactive.

D, Axial contrast-enhanced spin-echo
T1-weighted (400/18/1) image at the C-4
level shows eccentric enhancement of the
tumor, which extends to the cord surface
in a tonguelike fashion.

E, Immunohistopathologic micrograph
shows decoration of ganglion cells with
synaptophysin (arrows).
ically proved spinal cord gangliogliomas (see Pathology section
below for diagnostic criteria). These cases were then cross-
referenced with the files of the department of radiology, re-
sulting in 76 MR examinations available in 27 patients. In-
cluded in this group were 15 patients who were imaged before
surgery and 12 patients who underwent a small diagnostic
spinal biopsy before imaging. Contrast-enhanced images were
available in 59 of the 76 examinations and in 26 of the 27
patients. Thirteen of these patients were included in a previous
clinicopathologic analysis of spinal cord ganglioglioma (3, 22).

These examinations were compared with the MR images
obtained in a representative set of 15 patients with histologi-
cally proved spinal cord astrocytoma. Additionally, the MR
data set of 25 intramedullary ependymomas, previously re-
ported (47, 48), were compared with these other tumors.

Pathology: Diagnostic Criteria
Diagnosis of ganglioglioma is contingent on having adequate

tissue volume for histopathologic examination. The bias toward
radical resection of intramedullary cord tumors at our institu-
tion provided generous specimens for pathologic analysis (3).
Ganglioglioma may be suspected when an otherwise astrocytic
neoplasm contains a component of large cells potentially rep-
resenting neurons. These often, but not invariably (3, 49),
display atypical or dysplastic features, such as binucleation,
calcification, background desmoplasia, intense perivascular
lymphoplasmacytic infiltration, and Rosenthal fibers or (more
often) eosinophilic granular bodies (3, 5–8, 11, 23, 49). The use
of immunohistochemical stains for synaptophysin dramatizes
the presence of abnormal neurons, which display coarsely gran-
ular surface staining of the neoplastic neuronal perikarya in a
pattern not seen in normal neurons, with limited exceptions
(3–8, 49–51) (Fig 1E).

For this study, as well as for a larger comprehensive pedi-
atric intramedullary spinal cord tumor study (52), all slides
from the spinal cord tumors were reviewed by two neuropa-
thologists, who reviewed the cases independently without
knowledge of the other’s interpretations. The diagnostic lists
were compared, and whenever the diagnoses differed, the
slides were reexamined in concert at a double-headed micro-
scope (23). In addition to examination with the usual hematox-
ylin-eosin stains, all lesions suspected by either pathologist of
being ganglioglioma were examined with immunohistochemical
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FIG 2. 5-year-old girl with cervical gan-
glioglioma.

A, Midsagittal fast spin-echo T2-
weighted (4500/95/2) image of the cervical
and upper thoracic spine shows a solid
intramedullary cervical tumor. The signal
intensity is heterogeneous (arrow). Ros-
tral, caudal, and intratumoral cysts are
present. Note posterior scalloping of ver-
tebral bodies.

B, Corresponding sagittal spin-echo T1-
weighted (600/11/2) image shows the
solid portion of the tumor to have mixed
signal intensity (arrowheads).

C, Corresponding sagittal contrast-en-
hanced spin-echo T1-weighted (600/11/2)
image shows patchy enhancement of the
tumor (black arrow). The enhancing walls
of the rostral cyst (asterisk) indicate a tu-
moral cyst. The caudal cyst (white arrow)
does not enhance, suggesting that it is
reactive.
stains for glial fibrillary acidic protein (GFAP), synaptophysin,
and vimentin; these examinations were performed with stan-
dard methods as described previously (3, 4). At the completion
of these studies, a consensual diagnosis was reached for all
tumors included in the study.

MR Analysis
All MR images were analyzed by two neuroradiologists in

consensual fashion. Note was made of the patient’s age and sex,
the size and location of the tumor, its centricity or eccentricity
with reference to the axis of the cord, presence of reactive or
tumoral cysts, presence of scoliosis or bone erosion, T1- and
T2-weighted signal characteristics, contrast enhancement char-
acteristics, presence of edema in the uninvolved portion of the
cord, and presence of any magnetic susceptibility.

Tumor size was measured in terms of the number of verte-
bral body segments it spanned. Tumor location was described
as cervical, thoracic, filar, or, if the entire cord was involved,
holocord, using bony (vertebral) landmarks. If a tumor crossed
two zones, its location was recorded as that where its greatest
bulk existed. Centricity/eccentricity was defined by using the
criteria of Fine et al (48), so that a lesion was considered
central if no more than 60% of its cross-sectional area was
located to one side of the midline on axial images.

Tumoral cysts were characterized as those with walls show-
ing contrast enhancement or as those containing an enhancing
nodule; reactive cysts had walls that were nonenhancing and
not associated with enhancing nodules (32, 48). T1 and T2
signal intensity was characterized relative to normal neural
tissue. T1 signal was described as hypointense, isointense, hy-
perintense, or mixed. As neoplastic tissue invariably shows T2
prolongation, signal intensity on T2-weighted images was de-
scribed as homogeneous (uniform) or heterogeneous (mixed).
All pulse sequences were assessed for the presence of edema.
Areas of homogeneously increased signal on T2-weighted im-
ages within the cord that did not enhance and did not have the
signal characteristics or morphologic appearance of a cyst were
presumed to represent edema (47, 48). We accept the possi-
bility that nonenhancing tumor may have a similar appearance.
The T2 and T2* gradient-echo images were assessed for tu-
moral or peritumoral magnetic susceptibility. Both the pres-
ence and character of contrast enhancement were character-
ized. Enhancement was analyzed in terms of four broad
descriptors: focal, diffuse, patchy, and cord surface extension.
Focal enhancement refers to well-defined nodular enhance-
ment of a portion of the tumor. Diffuse enhancement refers to
enhancement of the entire tumor. Patchy enhancement refers
to mixed areas of enhancing and nonenhancing tissue. Cord
surface extension refers to extension of the area of enhance-
ment to the surface of the cord (Figs 1–3).

Results

The results are summarized in Tables 1 and 2. The
mean age of patients with spinal cord ganglioglioma
was 12 years. The mean age for patients with spinal
cord astrocytoma and ependymoma was 4 years and
38 years, respectively. This was statistically significant
(two-tailed t-test, P , .001). No statistical difference
was found in the sex distribution between tumor
types.

Tumor Size
We found a statistically significant difference (P ,

.0001) between length of spinal cord ganglioglioma
and that of the other tumor types. Spinal ganglioglio-
mas had an average length of eight vertebral body
segments, whereas both spinal cord astrocytomas and
spinal cord ependymomas had an average length of
four vertebral body segments (Table 1).

Tumor Location
Like spinal astrocytomas and spinal ependymomas,

the majority of spinal gangliogliomas (48%) were lo-
cated within the cervical cord (Table 1). Although ho-
locord involvement was only present in the ganglio-
glioma subgroup (Fig 1), occurring in 15% of cases, this
difference was not statistically significant (Table 1).
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Tumor Centricity
In all cases of spinal ganglioglioma and spinal as-

trocytoma, the tumor was eccentrically located within
the spinal cord.

Cysts
Tumoral cysts were seen with a greater frequency

in spinal gangliogliomas than in spinal astrocytomas
or ependymomas, occurring in 46% of cases of spinal
gangliogliomas as compared with 20% of spinal as-
trocytomas and 3% of spinal ependymomas (Figs 1
and 2).

A significant difference (P , .001) was noted be-
tween spinal ganglioglioma and spinal ependymoma
in the frequency with which they contained tumoral
cysts. However, no statistical difference was found in
the frequency with which cysts occurred in spinal
ganglioglioma and spinal astrocytoma.

Although reactive cysts were found to have a higher
rate of frequency in spinal ependymomas, occurring
in 78% of cases, there was no significant difference

FIG 3. 5-year-old girl with thoracic ganglioglioma, who had
partial resection of the spinal cord tumor before imaging. Note
the multilevel thoracic laminectomies.

A, Midsagittal fast spin-echo T2-weighted (3000/105/3) image
of the thoracic spine shows an expansile tumor of the midtho-
racic cord. The signal intensity is heterogeneous (arrows).

B, Corresponding sagittal contrast-enhanced spin-echo T1-
weighted (500/90/3) image shows focal (arrow) and cord surface
(arrowheads) enhancement.
between the various tumor subtypes. The length of
reactive cysts was analyzed in the subgroup of spinal
gangliogliomas and spinal astrocytomas. In those tu-
mors that had reactive cysts, the average cyst length
was 4.3 vertebral body segments for spinal ganglio-
gliomas and 4.0 segments for spinal astrocytoma.
Thus, again, there was no appreciable difference.

Bone Changes
Scoliosis and bone erosion/scalloping were signifi-

cantly more common with spinal ganglioglioma than
with spinal astrocytoma (P , .0001) (Table 1 and Figs
2 and 4). Bone changes were not analyzed in the
ependymoma subgroup, as they are unusual in our
experience.

Signal Characteristics
Unenhanced T1-weighted images were available in

18 of the 27 patients with spinal gangliogliomas, in 11
of the 15 patients with spinal astrocytomas, and in all
25 of the patients with spinal ependymomas (Table
2). Only one (5%) of 18 spinal gangliogliomas was
hypointense relative to normal neural tissue (Fig 1),
as opposed to 82% of spinal astrocytomas. None of
the spinal gangliogliomas was isointense, as compared
with 72% of the spinal ependymomas. The over-
whelming majority of gangliogliomas (84%) had
mixed signal intensity (Fig 2), a phenomenon not seen
in the other tumor types. These findings were statis-
tically significant (P , .0001).

T2-weighted images were available in 15 of the 27
cases of spinal ganglioglioma, in 15 of 15 cases of
spinal astrocytoma, and in 23 of the 25 cases of spinal
ependymomas (Table 2). Sixty percent of the spinal
gangliogliomas showed homogeneous signal on T2-
weighted images (Fig 1). Forty percent of cases
showed heterogeneous signal on T2-weighted images
(Figs 2 and 3). As regards T2 signal characteristics, no

TABLE 1: Comparison of tumor size, location, centricity, cyst type,
and bony changes

Ganglioglioma Astrocytoma Ependymoma

Tumor size, mean number
(range) of vertebral
segments

8 (2–18)* 4 (1–13)* 4 (1–8)*

Tumor location n 5 27 n 5 15 n 5 25
Cervical 48% 53% 56%
Thoracic 22% 40% 28%
Filar 15% 7% 16%
Holocord 15% 0 0

Tumor centricity n 5 27 n 5 15 n 5 25
0 0 76%

Cyst n 5 26 n 5 15 n 5 23
Tumoral cyst 46%† 20% 3%†

Reactive cyst 61% 40% 78%
Bone Changes n 5 27 n 5 15 n 5 25

Scoliosis 44%† 7%† . . .

Bone erosion 93%† 40%† . . .

* P value , .0001 by two-tailed t-test.
† P value , .001 by x2-test.
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difference was found between spinal ganglioglioma
and spinal astrocytoma, and no significant difference
was found with spinal ependymoma. Spinal ganglio-
glioma was accompanied by edema and magnetic sus-
ceptibility in only one case each, whereas both these
features were seen with ascending order of frequency
in spinal astrocytoma and spinal ependymoma (Table
2). The relative absence of edema within the spinal
ganglioglioma subgroup was statistically significant
(P , .0001).

Contrast Enhancement Characteristics

Contrast-enhanced T1-weighted images were avail-
able in 26 of 27 cases of spinal ganglioglioma, in 15 of
15 cases of spinal astrocytoma, and in 23 of 25 cases
of spinal ependymoma (Table 2).

Focal enhancement was identified more frequently
in the spinal ependymoma group, in which 65% dem-
onstrated focal enhancement as compared with 19%
of spinal gangliogliomas (Fig 3). Diffuse enhance-
ment was noted more frequently in the spinal astro-
cytoma group. Seventy-nine percent of spinal astro-
cytomas showed diffuse enhancement, while only one
spinal ganglioglioma in our series showed diffuse en-
hancement. Patchy enhancement was seen in 65% of
spinal gangliogliomas (Figs 1 and 2). Enhancement
reaching the surface of the cord was seen in 58% of
cases of spinal ganglioglioma (Figs 1 and 3). Both
these types of enhancement were present only in the
ganglioglioma subgroup without exception (Table 1).
These figures were statistically significant (P , .001).
Finally, 15% of spinal gangliogliomas showed no type
of contrast enhancement (Fig 4); this was not statis-
tically significant.

TABLE 2: Comparison of MR imaging characteristics

Ganglioglioma Astrocytoma Ependymoma

T1-weighted appearance n 5 18 n 5 11 n 5 25
Hypointense 5% 82%* 16%
Isointense 0 9% 72%*
Hyperintense 11% 9% 12%
Mixed 84%* 0 0

T2-weighted appearance n 5 15 n 5 10 n 5 25
Homogeneous 60% 60% 80%
Heterogeneous 40% 40% 20%

Contrast enhancement n 5 26 n 5 15 n 5 23
Focal 19% 0 65%
Diffuse 4% 79%* 35%
Patchy 65%* 7% 0
Cord surface 58%* 7% 0
None 15% 7% 0

Other n 5 15 n 5 10 n 5 25
Edema 7% 30%* 92%*
Magnetic
susceptibility

7% 20% 20%

* P value , .001 by x2-test.
Discussion

Pathologic Observations
Gangliogliomas are rare neoplasms of the CNS

that consist of a mixture of neoplastic large mature
neurons or ganglion cells and neoplastic glial cells.
The glial element is usually astrocytic. Tumor grading
does not distinguish a prognostically poor group (22,
53, 54, 55). Since Courville and Anderson’s first de-
scription of neurogliogenic tumors of the CNS in 1930
(55), a large and confusing nomenclature has devel-
oped. Synonyms have included ganglioglioneuroma,
ganglionic neuroma, neuroastrocytoma, neurogan-
glioma, ganglionic glioma, neuroma gangliocellulare,
and neuroglioma (56–58). The current classification
is based on the relative differentiation of the neuronal
component and the presence of glial elements. If the
tumor consists solely of large relatively mature neo-
plastic neurons or ganglion cells, it is termed ganglio-
cytoma. The additional presence of a neoplastic as-
trocytic component confers the term ganglioglioma.
Additional features, such as a substantial population
of small neoplastic mature neurons, bestow the term
ganglioglioneurocytoma (3). It is clear from recent

FIG 4. 6-year-old boy with a thoracic ganglioglioma and scoli-
osis, who had undergone a diagnostic spinal cord biopsy before
imaging.

Curved reformatted sagittal spin-echo T1-weighted (500/90/3)
images before (A ) and after (B ) contrast enhancement show an
expansile tumor of the upper thoracic cord (arrows), which does
not enhance. Note scalloping of posterior vertebral bodies.
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work by others and by us that this tumor has formerly
been underdiagnosed (8), particularly in the spinal
cord. However, the number of intramedullary cord
neoplasms that are gangliogliomas reported here and
in our earlier studies is clearly beyond previous ex-
pectations. Two main factors underlie this phenome-
non: the practice at many centers of examining small
biopsy samples from spinal cord neoplasms rather
than large resections, and the limited availability, un-
til recently, of reliable and readily available diagnostic
immunohistochemical methods to separate ganglio-
gliomas from astrocytomas involving gray matter and
thus containing trapped native neurons (3–9). The
standard or traditional diagnostic criteria (described
briefly in the Methods section) are relatively reliable;
tumors diagnosed as gangliogliomas by competent
neuropathologists are unlikely to be astrocytomas or
other tumors, as shown by the fact that only two of 42
tumors in our 1993 study originally diagnosed as gan-
gliogliomas by standard criteria were reclassified as
astrocytomas on the basis of immunohistochemical
analysis (3). However, when a diagnosis of astrocy-
toma (or, often, anaplastic astrocytoma, based on
apparent pleomorphism) is made from hematoxylin-
eosin stains of limited tissue samples, there is a sig-
nificant chance that the tumor is actually a ganglio-
glioma, because it can be difficult to 1) distinguish
large tumor astrocytes from neoplastic neurons (3, 11,
49); 2) find neurons in small samples, as the neoplas-
tic neurons in gangliogliomas are more often clus-
tered than evenly distributed (3, 5, 6, 11, 49–59); or 3)
separate neoplastic from trapped native neurons
(3–9, 49, 50, 59). In a previous study (3), we found 21
tumors originally diagnosed as astrocytomas at our
institution that were only recognized as ganglioglio-
mas by using immunohistochemical analysis, and 23
of 25 gangliogliomas originally examined at outside
institutions that were called astrocytoma until we per-
formed immunohistochemical studies.

The immunohistochemical studies that help estab-
lish a diagnosis of ganglioglioma in tumors that have
a potential ganglion cell population that must be
separated from large tumor astrocytes and from nor-
mal trapped neurons involves examination of slides
stained for the glial marker GFAP and for the syn-
aptic vesicle protein synaptophysin. The GFAP
marker does not decorate neurons (trapped or neo-
plastic). The synaptophysin stains will show a distinc-
tive pattern of perikaryal surface immunoreactivity
virtually unique to abnormal neurons, as reported
previously (4). This technique has been used exten-
sively in our prior published studies (2, 22, 23) and
has been verified by others (5–7) (Fig 1E). This pat-
tern is now included in standard descriptions of gan-
gliogliomas included in the CNS Fascicle of the
Armed Forces Institute of Pathology (49) and in the
revised World Health Organization classification
(50). An identical pattern has been observed with
other markers of synaptic vesicle distribution, includ-
ing synapsin I (9) and SV2 (60), ruling out any pos-
sibility of the synaptophysin staining representing an
aberrant expression of a neuronal protein by neoplas-
tic astrocytes.

Recently, the diagnostic utility of this pattern has
been questioned by Rosenblum and others (51, 53),
who, although acknowledging that no normal neurons
in the cerebrum display this staining pattern, have
pointed out that spinal cord anterior horn cells and
neurons of Clarke’s column normally display peri-
karyal surface staining resembling that seen on neu-
rons in gangliogliomas. Thus, it is questioned whether
the gangliogliomas reported as such by us (3, 22, 23)
are not, in fact, misdiagnosed astrocytomas (51, 53).

This argument can be refuted on several grounds.
Most important, an examination of synaptophysin im-
munostains of normal anterior horn tissue shows a
background neuropil that is densely immunopositive
in addition to the described perikaryal staining; it is
clear that pure glial tumors infiltrating the anterior
horn of Clarke’s column will lie in such a neuropil,
which will abruptly lose its immunoreactivity at the
borders with the white matter (52). We are fully
cognizant of these patterns, and all of the ganglioglio-
mas described here were tumors in which the neurons
with perikaryal surface staining showed atypical cyto-
logic features or were clearly in white matter tracts
and not in the anterior horns or dorsal gray matter.

Secondary arguments can also be made to support
our diagnoses. All cases were reviewed by two neu-
ropathologists, both with extensive and documented
experience with the pathology of CNS neoplasms.
One of us was not involved in the earlier synaptophy-
sin studies and has no appointment at or other official
relationship with NYU Medical Center. Both neuro-
pathologists agreed upon all the diagnoses of the
tumors reported herein. Furthermore, the MR data
showed distinct and significant differences between
tumors labeled by the pathologists as astrocytomas,
those labeled as ependymomas, and those labeled as
gangliogliomas (see below), an unlikely event if most
of the gangliogliomas were actually misdiagnosed as-
trocytomas.

If these arguments are accepted, as we clearly be-
lieve they should be, two additional pathologic or
diagnostic points are raised. One has to do with the
frequency with which gangliogliomas occur in the
cord. In our large series of 174 patients with radically
resected intramedullary cord tumors, the most com-
mon single diagnosis was that of low-grade fibrillary
astrocytoma (roughly 40% of all tumors), ganglioglio-
mas being second most common (roughly 25%), and
high-grade astrocytomas and ependymomas occur-
ring in roughly equal frequency (11% to 12% each)
(52). It is noteworthy that, with large excision speci-
mens to study, no tumors were identified as pilocytic
astrocytomas.

The second point concerning cord gangliogliomas
has to do with recurrence rates after radical surgery.
Tumors that we have diagnosed as gangliogliomas of
the spinal cord recurred in roughly 40% of patients
after radical resection, whereas those we called low-
grade fibrillary astrocytoma recurred in only about
25% of patients (52). Again, if there were a significant
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level of misdiagnosis with alleged gangliogliomas rep-
resenting astrocytomas, these differences should be
less striking. How, then, can this be accounted for?
We believe that the significantly larger size of the
gangliogliomas would more likely lead to a failure to
resect or fatally damage tumor cells even during gross
total excisions as compared with the smaller astrocy-
tomas. At present, we have no proof of this hypoth-
esis, but we find it plausible. Of related practical
importance is that gangliogliomas, from our follow-up
data, carry a higher risk of recurrence, which, at our
center, would usually result in a second radical surgi-
cal procedure; this prognostic difference is an impor-
tant reason to attempt to help establish the diagnosis
preoperatively by the MR features we have just de-
scribed.

Radiologic Observations
Spinal cord gangliogliomas are relatively benign

tumors with slow growth and late clinical presenta-
tion, which probably account for the holocord in-
volvement present in four (15%) of the 27 spinal
gangliogliomas in our series (Table 1). Holocord in-
volvement was not observed in the group of spinal
cord astrocytomas or ependymomas. In keeping with
this fact, spinal gangliogliomas average twice the
length of astrocytomas and ependymomas. Despite
the paucity of cases described in the literature, holo-
cord involvement has been described in three other
cases of spinal cord ganglioglioma (16, 20). From our
review of the literature, holocord involvement has
been reported to occur with a greater frequency in
astrocytomas (61) than in ependymomas. The diag-
noses for most such reports were not based on his-
topathologic analysis with routine use of synaptophy-
sin immunostains, so it seems likely that many
reported holocord astrocytomas were actually gan-
gliogliomas. However, their occurrence is unusual (39);
we found one report of a holocord ependymoma (62).

Reactive cysts are a common feature of all in-
tramedullary spinal cord tumors (32, 36). Histopatho-
logically, these cysts are not lined by neoplastic cells.
With contrast-enhanced MR imaging, these cysts do
not show mural enhancement. Clinically, they com-
monly account for pain in the neuraxis but do not
appear to cause neurologic deficit. This has therapeu-
tic implications in that these cysts are treated by
simple drainage, resection being reserved for tumoral
cysts (24). The frequency of reactive cyst formation in
our series of spinal cord gangliogliomas is similar to
that reported for other intramedullary neoplasms.

Tumoral cysts are lined by neoplastic cells. With
contrast-enhanced MR imaging, these may show mu-
ral enhancement, which may be circumferential or
nodular. Spinal cord gangliogliomas had the greatest
tendency for tumoral cyst formation in our series,
accounting for 46% of cases (Table 1). Although
there is no comparable radiologic literature, there is
evidence that cerebral gangliogliomas have a propen-
sity for cyst formation (63), with a rate of occurrence
ranging from 38% to 44% (10, 64). Although tumoral
cysts appear to have a strong association with spinal
cord gangliogliomas, we are uncertain as to their
pathogenesis. We speculate that biologically these
tumors have a greater ability to secrete fluid.

In our series, 76% of the spinal cord ependymomas
were located centrally within the spinal cord. In con-
trast, this was not observed in any of the cases of
spinal cord gangliogliomas or spinal cord astrocyto-
mas (Table 1), which is in keeping with the presumed
centrifugal growth of ependymomas arising from the
ependymal cells lining the central canal (40, 47).

Eight-four percent of the spinal cord ganglioglio-
mas in our series showed mixed signal intensity on
T1-weighted images. Of the four cases with MR fea-
tures of spinal cord gangliogliomas reported in the
literature, two had similar mixed signal intensity on
T1-weighted images (18, 19). Mixed signal on T1-
weighted images was not observed in any of the spinal
cord astrocytomas or spinal cord ependymomas in
our series. The majority of spinal cord astrocytomas
were hypointense relative to normal neural tissue
(Table 2).

After contrast administration, patchy enhancement
was observed in 65% of cases of spinal cord ganglio-
glioma (Figs 1 and 2 and Table 2). It was seen in only
one case of spinal cord astrocytoma and in none of
the cases of spinal cord ependymoma. Abnormal con-
trast enhancement, which reached the surface of the
cord (Fig 3), was observed in 58% of spinal cord
gangliogliomas in our series but in only one case of
spinal cord astrocytoma and in none of the cases of
spinal cord ependymoma. Focal intense enhancement
was observed in 19% of cases of spinal cord ganglio-
gliomas in our series (Fig 3). There is only one case of
a contrast-enhanced MR study of a spinal cord gan-
glioglioma in the literature (19), so an adequate com-
parison is not possible; however, in that case, focal
enhancement was observed. Focal enhancement was
present in 65% of the spinal cord ependymomas and
diffuse enhancement was noted in 79% of the spinal
cord astrocytomas in our series. These findings are
consistent with those reported by Parizel et al (40).

We believe that the combination of two different
cell populations within gangliogliomas—namely, gan-
glion cells and glial cells—probably accounts for the
mixed signal on T1-weighted images as well as the
patchy and cord surface enhancement after contrast
administration. At histopathology, it is well recog-
nized that portions of the tumor may be purely glial
while other areas are purely neuronal, and yet others
a combination of the two. Kitano et al (12) described
a pathologic correlate to the extension of contrast
enhancement to the cord surface. These authors
found clusters of neoplastic ganglion cells extending
to the surface of the cord in a case of a ganglioglioma
involving the thoracic cord.

Edema, found in 7% of the spinal cord ganglioglio-
mas in our series, was noted more commonly in spinal
cord astrocytomas and ependymomas (Table 2). The
ability to accurately distinguish edema at MR imaging
is controversial. Epstein et al (47) noted that in spinal
cord ependymomas, the area of contrast enhance-
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ment on MR images corresponded exactly to the
tumor at surgery. Therefore, on T2-weighted images,
areas that showed prolonged T2 signal and that were
not cystic and did not enhance on T1-weighted images
were presumed to represent edema. This was con-
firmed at histopathologic examinations, in which neo-
plastic cells were not identified in nonenhancing areas
of high T2 signal. Parizel et al (40) commented that in
spinal cord astrocytomas, owing to their infiltrative
nature, areas that may appear to be edema are in fact
nonenhancing tumor.

A focus of magnetic susceptibility was seen in only
one case in our series of spinal cord gangliogliomas.
As none of the tumors in our series had anaplastic
features, making hemorrhage unlikely, it is presumed
that this represented a focus of calcification. Calcifi-
cation is a recognized feature in cerebral ganglioglio-
mas, seen in 28% of cases (10). The low prevalence of
magnetic susceptibility changes in our series may
partly be due to the low-field-strength (0.3- to 0.5-T)
magnets that were used in some of our cases as well as
to the absence of T2* gradient-echo images in many
of the cases. Susceptibility caps were seen most fre-
quently in spinal cord ependymomas (48). These were
observed in 20% of cases, which is slightly lower than
that reported in the literature (65).

Conclusion

Although spinal cord gangliogliomas are uncom-
mon tumors, they may have a higher rate of occur-
rence than previously thought. We believe that some
tumors that have been diagnosed as spinal astrocyto-
mas may in fact be gangliogliomas. The ability to
suggest the diagnosis before surgery has both thera-
peutic and prognostic significance. Features that
should alert the neuroradiologist to this entity, in
descending order of importance, include long tumor
segment or holocord involvement, scoliosis and bony
remodeling, mixed signal on T1-weighted MR im-
ages, prominent tumoral cyst, patchy enhancement
extending to the cord surface after contrast adminis-
tration, spinal cord neoplasm that fails to enhance,
lack of edema, lack of MR-demonstrated hemosid-
erin or calcification, absence of centricity of tumoral
enhancement, and young age of the patient.
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