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Quick Response Code: INTRODUCTION

Gangliogliomas are rare tumors of the central nervous system (CNS), corresponding to 2.7–3.8% 
of primary CNS tumors, composed of variable proportions of glial and neuronal elements.[14,21] The 
occurrence in the spinal cord is 1.1% of all spinal neoplasms.[19] The first complete pathological 
description of these tumors was made in 1930 by Courville.[10,19] They are generally more frequent 
in children, corresponding to 4% of CNS tumors in the pediatric population.[8] Seizure is the most 
common symptom.[8] They can be found anywhere in the CNS, but are most located in the temporal 
lobe.[5] The spinal cord is an uncommon site of occurrence, ranging from 7.6% to 14.3% of total 

ABSTRACT
Background: Gangliogliomas are rare tumors of the central nervous system. They are usually located intracranially 
and rarely in the spinal cord. There is no clear correlation between this tumor and neurofibromatosis type 1 (NF1) 
with only four cases described. The aim of this article is to describe one more case and add data to the literature 
regarding this rare association.

Case Description: An 8-year-old boy with NF1 presented progressive asymmetrical paraparesis (Grade 4 medical 
research council scale on the right leg and Grade 3 on the left leg). The cervicothoracic spinal magnetic resonance 
imaging demonstrated an intramedullary lesion from C4 to T4 vertebrae. The patient underwent a microsurgical 
resection. A partial resection was performed due to a drop in the motor evoked potential signal amplitude during 
dissection. Pathology report revealed a ganglioglioma (World Health Organization Grade I). Postoperatively, the 
patient evolved with worsening of the paraparesis. A few weeks later, he has improved his preoperative functional 
neurological state (better strength and gait). Adjuvant radiotherapy was not used. The patient is being followed up 
at the neurosurgery outpatient clinic.

Conclusion: This is another case of spinal ganglioglioma associated with NF1. The tumor must be included in 
the differential diagnosis of patients with NF1 and spinal lesions. Complete microsurgical resection remains the 
standard treatment for spinal gangliogliomas, however, in this specific case, it was decided to leave a portion of 
the tumor to prevent neurological damage. The prognosis and treatment of this condition associated with NF1 
remains to be determined.
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cases.[21] Gangliogliomas do not have specific features in imaging 
examinations. They usually have slow growth, low malignancy 
rate and are usually amenable to definitive treatment with 
surgical resection. Adjuvant radiotherapy may be indicated only 
in cases of lesion malignancy or any contraindication to resect a 
growing residual lesion.[16,20]

Neurofibromatosis type  1 (NF1) corresponds to an 
autosomal dominant genetic disorder in which mutations 
in the NF1 gene occur. The NF1 gene is located on the long 
arm of chromosome 17 (17q11.2).[2,3] It is the most common 
form of neurofibromatosis, accounting for 90% of all cases 
and is completely penetrating, with phenotypic expression 
in all cases of mutations.[7] Studies show that approximately 
half of patients have this condition inherited and the other 
half have sporadic mutations.[2,11] The syndrome predisposes 
the appearance of tumors located in the CNS. The most 
common tumor associated is the optic pathway glioma.[5,13,17] 
The diagnosis of NF1 is even more suspicious in children 
who have bilateral optic pathway glioma. These tumors have 
suggestive features in magnetic resonance imaging (MRI) 
and can regress without treatment.[5,13,17] Other tumors 
include neurofibromas, schwannomas, meningiomas, and 
gliomas. Spinal cord tumors in patients with NF1 have been 
reported as sporadic cases in the literature.[5,13]

There are not enough studies in the literature to define whether 
the association of NF1 and gangliogliomas is incidental or 
not. After searching in the medical literature analysis and 
retrieval system online database, it was found four cases 
described. The first one was a T10-L2 spinal ganglioglioma in 
a 5-year-old female (Japan, 2011).[9] The second case was a C4 
to T3 ganglioglioma in a 4-year-old male (Italy, 2013).[6] In the 
third case, the authors followed up a 16-year-old male with a 
C3-T1 ganglioglioma for 10 years (China, 2015).[20] Finally, in 
the fourth case, the authors described a ganglioglioma of the 
conus medullaris in a 16-year-old male (India, 2016).[19] The 
present report is the fifth documented case of the association 
of a spinal ganglioglioma in a patient with NF1 [Table 1]. The 
aim of this paper is to add data to the literature regarding this 
rare association.

CLINICAL PRESENTATION

An 8-year-old male patient was admitted to the pediatric unit 
complaining of weakness and pain of the lower limbs with 
occasional falls 1 year ago with significant worsening in the 
past 2 months. He had NF1 diagnosis since 2 years old with 
the presence of two of the seven National Institutes of Health 
criteria. The first criterion was more than six cafe-au-lait 
spots located on the lateral thoracic region with a diameter 
above 5 mm in a prepubertal individual. The second criterion 
was one plexiform neurofibroma in the lumbar region, 
confirmed after a biopsy performed in 2018. No other family 
members were diagnosed with NF1.

The physical examination revealed macrocrania, pectus 
excavatum, and leg length discrepancy. On neurological 
examination, he presented an asymmetrical paraparesis 
(Grade 4 medical research council [MRC] scale on the right 
leg and Grade 3 on the left leg) with spasticity, hyperreflexia, 
and bilateral Babinski signs. The patient was able to walk, 
but was unable to stay long due to weakness. The brain and 
spinal cord MRI were performed. The brain MRI revealed 
T2 hyperintense signal and T1 hypointense signal lesions, 
in the dorsal part of the right globus pallidus, cerebellar 
hemispheres, pons, and white matter. Contrast-enhanced 
T1-weighted images, with fat suppression technique of the 
cervicothoracic spinal MRI, demonstrated an intramedullary 
lesion from the superior endplate of the C4 vertebra to 
the inferior endplate of the T4 vertebra, with a peripheral 
isointense signal and an irregular hyperintense central 
suggesting an intramedullary mass [Figure  1a]. The lesion 
was hyperintense on short-time inversion recovery and T2-
weighted sequences [Figure 1b]. Lesion size on preoperative 
spine MRI was 7.3 × 1.6 × 1.3 cm (length; depth; and width).

After initial evaluation, it was decided to perform a 
cervicothoracic tumor resection. The procedure was 
performed under intravenous general anesthesia. After 
anesthetic induction, the patient was placed in the prone 
position with a 3-pin head holder. Antisepsis and asepsis 
techniques were performed with subsequent placement of 
sterile drapes. A posterior longitudinal skin incision was made. 
After identification, through palpation and guided radioscopy 
of the cervical and thoracic spinous processes, a subperiosteal 
dissection was performed. The patient underwent a C3-
T5 laminotomy. After bone removal, the dura mater was 
opened and attached with 4-0 polypropylene suture. During 
inspection, the tumor was intramedullary and situated 
laterally (left side) in the cervicothoracic spinal cord. The 
lesion consistency was apparently firm, with a good cleavage 
plane in the superior aspect of the spinal cord [Figure 2a-d]. 
As the tumor had a posterior exophytic component, it was not 
necessary to perform myelotomy. The dissection was initiated 
at the tumor interface within the posterolateral region of the 
spinal cord adjacent to the dorsal root entry zone [Figure 2a]. 

Table 1: Case reports demonstrating the association between NF1 
and spinal ganglioglioma.

Cases/
authors

Age 
(year)

Sex Location Country/
year

Hayashi et al. 5 Female T10-L2 Japan, 2011
Giussani et al. 4 Male C4-T3 Italy, 2013
Tian et al. 16 Male C3-T1 China, 2015
Sundar et al. 16 Male Conus 

medullaris
India, 2016

Cruz et al. 8 Male C4-T4 Brazil, 2020
NF1: Neurofibromatosis type 1
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After the initial dissection of the upper pole of the tumor, 
partial resection of the lesion was performed. In the most 
caudal portion, the tumor was infiltrating the adjacent neural 
tissue without a clear cleavage plane. On the basis of a drop 
of the intraoperative somatosensory and motor evoked 
potentials (MEPs) during dissection, we choose to leave some 
tumor. Therefore, a partial resection was achieved [Figure 2e 
and f]. Finally, the C3-T5 lamina was reintroduced and fixed 
with titanium plates.

During the procedure, the somatosensory evoked potentials 
recorded cortical waves P37 and N20, with stable latencies 
and amplitudes. There was a MEP amplitude decreasing 
(90%) of the triceps brachii bilaterally and left abductor 
pollicis brevis after complete removal of the superior tumor 
pole [Figures 3a-c and 4a-c]. During dissection of the inferior 
tumor pole, there was 89% decreasing of the left abductor 
hallucis MEP and the resection was interrupted [Figure 4a-
c]. At the end of the procedure, the right triceps brachii 
muscle MEP amplitude was normalized [Figures 3a-c and 4a-
c]. However, 90% of the MEP signal drop in the left triceps 
brachii and left abductor pollicis brevis was still present.

Histopathological examination revealed a relative well-
circumscribed neoplasm composed of atypical neurons 
distributed irregularly. The neurons were mixed with glial 
proliferation, mild atypia, and a dense fibrillary background 
with focal desmoplasia. There were eosinophilic granular 
bodies and rare microcalcification besides vessels with 
hyalinized wall. These findings supported the diagnosis of 
ganglioglioma – World Health Organization Grade I [Figure 5a 

and b]. No special stain was performed in the specimen. The 
diagnosis was based on characteristic morphological criteria 
and correlation with the neuroradiological findings. No 
additional techniques were necessary.

In the immediate postoperative period, the patient 
presented kinesiophobia, refusing to get out of bed in the 
1st  days. Worsening of paraparesis was noted (Grade  3 
MRC bilaterally). The patient did not use steroids in 
the pre-  and post-operative period. The residual lesion 
size measured by the immediate postoperative spine 
MRI was 1.6 × 1.5 × 1.3  cm (length; depth; and width) 
representing 80% of tumor resection. The patient was 
discharged and returned 3  weeks after the procedure. He 
presented a symmetrical Grade  4 MRC paraparesis with 
spasticity, hyperreflexia, and bilateral Babinski signs. He 
improved his preoperative functional neurological state 
exhibiting a spastic gait without fatigue overtime. He is 
being followed up for 7  months with serial clinical and 
radiological examinations. In the last appointment, there 
was a significant improvement in gait (Grade 5 MRC scale 
on the right leg and Grade 4+ on the left leg). Postoperative 
MRI, performed 5 months after surgery, showed no growth 
of residual lesion [Figure  6a and b]. Therefore, until this 
moment, the patient did not need a new surgical approach 
or radiotherapy.

Figure  1: Cervicothoracic spinal magnetic resonance imaging. (a) 
Axial and sagittal views of contrast-enhanced T1-weighted with 
fat suppression demonstrated an intramedullary lesion from C4 to 
T4. Note the peripheral isointense signal with an irregular central 
hyperintense component. (b) The lesion was hyperintense on short-
time inversion recovery (sagittal slice) and T2-weighted (axial slice) 
sequences.
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Figure  2: Microsurgery resection of the cervicothoracic tumor. 
(a)  The lesion was located laterally (left side) pushing the dorsal 
cervical nerve roots (arrow head). (b) Some dorsal nerve roots 
were removed to allow lesion removal. (c) Tumor dissection 
included the most lateral aspect. (d) Subarachnoid plane after 
lateral dissection. (e) The most inferior aspect of the tumor was very 
attached. Traction and dissection of this part of the tumor cause 
a significant drop of the intraoperative somatosensory and motor 
evoked potentials. It was decided to leave some tumor (asterisk). (f) 
Final aspect of the cavity. The tumor bed was filled with absorbent 
cellulose hemostatics.
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Figure 4: Intraoperative neurophysiological monitoring – left side. (a) Demonstration of motor evoked potential (MEP) with stable amplitude 
and latency at the beginning of the procedure (gray circle). The following muscles were analyzed: deltoid, triceps brachii, abductor pollicis 
brevis, tibialis anterior, and abductor hallucis. (b) After superior tumor pole removal, there was 90% MEP drop in the left triceps brachii and 
abductor pollicis brevis (green circle). During inferior resection, there was 89% MEP drop in the left abductor hallucis and the resection was 
interrupted (green circle). (c) At the end of the procedure, the MEP signal drop in the left triceps brachii and abductor pollicis brevis was 
maintained (red circle). The left abductor hallucis MEP returned to the baseline (red circle).

Figure  3: Intraoperative neurophysiological monitoring – right side. (a) Demonstration of motor evoked potential (MEP) with stable 
amplitude and latency at the beginning of the procedure (gray circle). The following muscles were analyzed: deltoid, triceps brachii, abductor 
pollicis brevis, tibialis anterior, and abductor hallucis. (b) After superior tumor pole removal, there was a MEP drop in the right triceps brachii 
muscle (green circle). There were no changes in the other muscles MEPs during inferior pole dissection. (c) At the end of the procedure, there 
was a MEP normalization on the right side (blue circle).
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DISCUSSION

Spinal cord gangliogliomas are very rare tumors. A  study 
involving 348 children, demonstrated a preference for males 

and an average of 10 years old.[4] The most common location 
in the spinal cord is the cervical and the thoracic portions, 
covering 4–8 vertebral segments.[10,19] The mean lag time 
between onset of symptoms and confirming diagnosis of the 
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tumor is 12  months.[10,19] There are no unique radiological 
features for gangliogliomas, however, MRI is very useful 
for diagnosis. These tumors are intramedullary and have a 
primary eccentric location.[15,19] They usually have longitudinal 
extension, lack of edema, mixed T1-weighted signal intensity, 
and irregular contrast enhancement. Bone erosion and 
scoliosis can be associated.[15,19] Spinal tumor calcification 
can be observed in the computed tomography, but this is 
more common in intracranial gangliogliomas.[15,19] In most 
cases, it is possible to perform total resection and adjuvant 
radiotherapy is rarely necessary.[10,19] Worse prognosis is 
observed in infants and patients with brainstem tumors.[4]

Malignant progression of gangliogliomas is a rare event, 
reported in the literature in 10% of cases. It is considered that 
the proliferation of the astrocytic component is responsible 
for this malignant transformation, while the neuronal 
component does not have a neoplastic nature.[1,19] In a 
study, Lang et al. described worse operative morbidity rates 

(35% vs. 5%), worse relative 5-year survival rates (78.5% vs. 
93%), and worse event-free survival rates (44.5% vs. 95%) 
for gangliogliomas brainstem/spinal cord when compared 
to brain tumors. In addition, spinal cord/brainstem tumors 
had a 3.5 and 5  times higher risk of recurrence in the 
same study.[4,12] The proposed treatment of gangliogliomas 
is complete microsurgical removal, leading to a better 
prognosis and disease-free survival.[1,10,19] The effect of 
chemotherapy still remains controversial, and no benefit has 
been confirmed.[1,18,21] There is a tendency toward less use of 
radiotherapy in recent years, due to the understanding of the 
benignity of tumors and the harmful effects resulting from 
this therapy, which should always be considered risk benefit, 
generally indicated for tumors with anaplastic characteristics 
or high proliferation rate.[4,19]

About 40% of patients with NF1 have spinal cord lesions on 
MRI. They lead to clinical manifestations in approximately 
2% of patients.[19] Interestingly, both NF1 and gangliogliomas 
are disorders of glial cells and neurons. The reason of the 
appearance of these tumors in the context of hereditary 
syndromes, such as NF1, neurofibromatosis type  2 (NF2), 
and von Hippel–Lindau, is still under investigation and needs 
to be determined.[22] The identification of the oncogenic 
signaling pathways in the development of spinal cord tumors 
will be crucial for the management of these lesions in the 
future. In some experimental studies, abnormal proliferation 
of astrocytes in the brain of rodents with heterozygosity of 
NF1 has been developed.[5] The defective neurofibromin 
was present in NF1 pilocytic astrocytoma.[5] However, so 
far, it has not been possible to demonstrate its presence in 
gangliogliomas and further studies are necessary to establish 
a possible genetic/molecular correlation.[5]

Due to the rarity of the association of ganglioglioma and NF1, 
little is known about the incidence, age of presentation, sex 
preference, most common location in the spinal cord, best 
treatment, and prognosis. Despite the total resection of spinal 
gangliogliomas being the standard treatment, in this case, 
we were not able to perform a complete resection because 
the MEP dropped during caudal dissection. The tumor was 
infiltrating the spinal cord. To preserve neurofunctional 
status, it was chosen to leave some tumor and follow-up the 
residual lesion. Its indolent tumor nature, allows an expectant 
approach. It is important to distinguish gangliogliomas from 
the other common NF1-associated tumors, especially diffuse 
astrocytoma, pilocytic astrocytoma, and focal areas of signal 
intensity.

CONCLUSION

This report adds to the literature another case of a spinal 
ganglioglioma in a patient with NF1. The tumor must be 
included in the differential diagnosis of patients with NF1 
and spinal lesions. Despite complete microsurgery resection 

Figure 5: Histopathological findings – ganglioglioma. Hematoxylin 
and eosin stain (×400). (a) Neoplastic neurons with Nissl substance 
aggregated under the cell membrane and irregular distribution. 
(b) Eosinophilic granular bodies in a fibrillary microcystic matrix.

ba

Figure  6: Comparison between pre- and post-operative 
cervicothoracic spine magnetic resonance imaging. (a) Preoperative 
sagittal view of T2-weighted demonstrating an intramedullary 
lesion from C4 to T4 (red asterisk). (b) Postoperative sagittal view 
of T2-weighted demonstrating the hyperintense residual cavity and 
caudal residual tumor (red asterisk).

ba



Cruz, et al.: Spinal Ganglioglioma and Neurofibromatosis type 1

Surgical Neurology International • 2021 • 12(313)  |  6

being the standard treatment of gangliogliomas, in this case, 
it was decided to perform a partial resection and follow-up 
due to the high risk of spinal cord injury. The prognosis and 
treatment of this condition associated with NF1 remains to 
be determined.
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