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Abstract

Spinal paragangliomas are rare, benign, slow-growing, highly vascular neuroendocrine tumours. We report a
51-year-old male with six months of progressive low back pain radiating to both lower limbs and no
neurological deficit. Magnetic resonance imaging of the lumbosacral spine showed a well-circumscribed,
ovoid intradural extramedullary lesion at the T12-L1 level measuring 8.1 x 9.2 x 35.0 mm that was
hypointense on T1-weighted images, heterogeneously hyperintense on T2-weighted images, and enhanced
avidly after gadolinium. The working diagnosis was schwannoma or ependymoma. The tumour, which arose
from a single rootlet, was excised en bloc through a T12-L1 laminectomy. Histopathology showed nests of
uniform cells in a Zellballen pattern within a rich capillary network with focal perivascular pseudorosettes,
fewer than two mitoses per 10 high-power fields and no necrosis. The tumour cells were diffusely positive
for synaptophysin and chromogranin and negative for glial fibrillary acidic protein and epithelial membrane
antigen, with focal S-100 positivity confined to sustentacular cells and a Ki-67 index of 5%, establishing the
diagnosis of a paraganglioma. The patient’s pain resolved completely, and he remained free of deficit at six
months. This case illustrates that ependymoma-like pseudorosettes do not exclude paragangliomas at this
site, that immunohistochemistry is decisive, and that complete excision is curative without adjuvant
therapy.
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Introduction

Paragangliomas are neuroendocrine neoplasms of neural crest origin that arise from the paraganglia of the
autonomic nervous system. Tumours of the sympathetic paraganglia, including adrenal pheochromocytoma,
usually secrete catecholamines, whereas those of parasympathetic paraganglia are typically non-functioning
[1]. More than 90% of the latter occur in the head and neck as carotid body, vagal and jugulotympanic
tumours [2]. The cauda equina and filum terminale are an uncommon site. The first such tumour was
reported by Miller and Torack in 1970 as a “secretory ependymoma” [3], and its paraganglionic nature was
recognised by Lerman et al. in 1972 [4]. Roughly 300 cases have since been described, and they are estimated
to account for 3.4-3.8% of tumours of the cauda equina region [5,6]. Genome-wide methylation and
sequencing of 57 cases have shown that cauda equina paragangliomas are epigenetically distinct from
paragangliomas elsewhere, lack the succinate dehydrogenase (SDH) mutations that confer metastatic risk at
other sites, frequently express cytokeratins, and arise sporadically [7]. The 2021 WHO classification of
central nervous system tumours therefore lists them as a separate tumour type, cauda equina
neuroendocrine tumour (previously cauda equina paraganglioma), corresponding to CNS WHO grade 1 [8],
and the 2022 WHO classification of endocrine tumours has adopted the same term [1].

Patients present in the fourth to sixth decades, with a modest male predominance, with low back pain and
often radicular pain; neurological deficit and catecholamine-related symptoms are uncommon [9,10].
Contrast-enhanced magnetic resonance imaging (MRI) is the investigation of choice but rarely allows a
specific diagnosis, so most tumours are operated on as presumed ependymomas or schwannomas and
diagnosed only on histopathology and immunohistochemistry [9,11,12]. On MRI, the tumour is a well-
circumscribed, intensely enhancing intradural extramedullary mass, usually iso- or hypointense to the cord
on T1-weighted and hyperintense on T2-weighted images; serpiginous flow voids, a haemosiderin ‘cap sign’
or a stalk-like attachment to the filum terminale, suggest the diagnosis but are inconstant, and in their
absence, the lesion is indistinguishable from the far commoner myxopapillary ependymoma and
schwannoma [9,12]. Histologically, it shows the nested “Zellballen’ architecture of paragangliomas
elsewhere, but ependymoma-like perivascular pseudorosettes are frequent and can mislead, so the diagnosis
rests on diffuse synaptophysin and chromogranin positivity, absence of glial fibrillary acidic protein (GFAP)
and epithelial membrane antigen (EMA), and S-100 confined to sustentacular cells [5,11]. Complete excision
is curative in the great majority of patients [6,9,10]. We report a tumour at the thoracolumbar junction that
was radiologically indistinguishable from ependymoma and whose histology contained ependymoma-like
perivascular pseudorosettes, and we discuss the features that secured the diagnosis.
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Case Presentation

A 51-year-old male presented with progressively worsening low back pain of six months' duration radiating
to both lower limbs, which had not responded to analgesics. He denied limb weakness, sensory disturbance,
or bowel or bladder dysfunction, and there was no history of palpitations, headache, sweating, or
hypertension. There was no family history of endocrine or nervous system tumours. On examination, the
blood pressure was 140/80 mmHg and the pulse 80/min; there was no facial flushing. Tone and power were
normal in all four limbs, sensation was intact, deep tendon reflexes were symmetrical, plantar responses
were flexor, and straight-leg raising was negative bilaterally.

MRI of the lumbosacral spine with whole-spine screening demonstrated a longitudinally oriented, ovoid,
intradural extramedullary lesion at the T12-L1 level in the region of the conus medullaris, measuring 8.1 x
9.2 x 35 mm (anteroposterior x transverse x craniocaudal). It was hypointense on T1-weighted images,
heterogeneously hyperintense on T2-weighted images (Figure /A). MR myelography showed an intradural
filling defect (Figure 1B), which enhanced avidly and homogeneously after gadolinium (Figure /C). There
were no intratumoral flow voids, no peripheral hypointense rim, no associated cyst or syrinx, and no other
lesion was seen in the spinal axis. The working diagnosis was schwannoma, with myxopapillary
ependymoma as the principal alternative; meningioma, neurofibroma and metastasis were considered less
likely. Plasma and urinary metanephrines were not measured, as the clinical picture gave no suspicion of a
secretory tumour.

FIGURE 1: Preoperative MRI. (A) Sagittal T2-weighted image showing a
well-circumscribed intradural extramedullary lesion at T12-L1 (arrow),
immediately below the conus medullaris, of a heterogeneous signal that
is hyperintense to the cord and hypointense to cerebrospinal fluid. (B)
Sagittal heavily T2-weighted MR myelographic image showing the
corresponding intradural filling defect (arrow) at the conus level, with
the cauda equina roots outlined below it. (C) Sagittal contrast-enhanced
T1-weighted image showing intense, homogeneous enhancement of the
lesion.

Under general anaesthesia, the patient was positioned prone, and the level was confirmed with fluoroscopy.
Through a midline incision and subperiosteal muscle dissection, a T12-L1 laminectomy was performed, and
the dura was opened in the midline. A well-defined, reddish-brown, encapsulated and moderately vascular
intradural extramedullary tumour lay immediately below the conus medullaris, arising from a single rootlet;
the adjacent roots were displaced but not infiltrated (Figure 2). The tumour was removed en bloc with its
capsule intact, together with the short segment of the rootlet of origin, and all other roots were preserved.
Intraoperative neuromonitoring was not used. Blood pressure remained stable throughout. After
haemostasis, the dura was closed watertight, and the wound was closed in layers. Postoperatively, there was
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no new neurological deficit.
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FIGURE 2: Intraoperative photograph after T12—-L1 laminectomy and
midline durotomy showing the encapsulated, reddish-brown tumour
(arrow) lying below the conus medullaris and displacing the adjacent
cauda equina roots.

The fixed specimen was an ovoid, smooth, encapsulated, grey-brown mass measuring 3 x 1.5 x 1.2 cm with a
grey-white to grey-brown cut surface. Microscopy showed a well-circumscribed tumour composed of nests
of uniform round-to-oval cells with finely stippled chromatin, inconspicuous nucleoli and finely granular
eosinophilic cytoplasm, arranged in a Zellballen pattern within a delicate capillary network (Figure 3A); mild
nuclear pleomorphism and focal perivascular pseudorosettes were present. Mitoses numbered fewer than
two per 10 high-power fields, and there was no necrosis or vascular invasion. On immunohistochemistry,
the tumour cells were diffusely and strongly positive for synaptophysin and chromogranin (Figures 5B, 5C)
and negative for GFAP and EMA; S-100 protein was focally positive, confined to the peripheral sustentacular
cells (Figure 3D). The Ki-67 labelling index was 5%. The final histopathological diagnosis was cauda equina
neuroendocrine tumour (paraganglioma of the cauda equina), CNS WHO grade 1.
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FIGURE 3: Histopathology and immunohistochemistry. (A) Haematoxylin
and eosin, x400: nests of uniform round-to-oval cells with finely stippled
chromatin (Zellballen) separated by a delicate capillary network. (B)
Synaptophysin: diffuse strong cytoplasmic positivity. (C) Chromogranin:
diffuse strong cytoplasmic positivity. (D) S-100: scattered positivity
confined to sustentacular cells.

He was mobilised on the first postoperative day and discharged on the third postoperative day. At one-
month and six-month follow-up, the neurological examination was normal, and he had returned to full daily
activity.

Discussion

The clinical profile of this patient is typical of the entity. In a systematic review of 334 primary spinal
paragangliomas, 84% lay in the cauda equina region, the median age was 46 years, and low back pain (64%)
and radicular pain (54%) were the commonest complaints, while sympathetic symptoms occurred in only 5%
[10]. A scoping review of 121 patients found a mean age of 49 years, a male-to-female ratio of 71:50, and
back pain in 94% [9]. Symptom duration tends to be long and correlates with tumour size [13]; six months of
pain before diagnosis, as here, is usual. The T12-L1 site is at the upper limit of the usual distribution: cauda
equina tumours are mostly lumbar (49%) or lumbosacral (29%) and only 5% are thoracolumbar [10], which is
why a conus-level lesion tends to be assumed to be a myxopapillary ependymoma.

Imaging did not point to the diagnosis, and it rarely does. Spinal paragangliomas are classically iso- or
hypointense to the cord on T1-weighted images, hyperintense on T2-weighted images, and enhance
intensely [12,14,15]; our lesion was T1-hypointense with heterogeneous T2 signal, a pattern that has been
reported and probably reflects the tumour’s vascularity and small foci of haemorrhage [12]. Features that
should raise suspicion of paraganglioma are serpiginous flow voids giving a “salt-and-pepper” appearance, a
peripheral hypointense haemosiderin rim (“cap sign”), an associated cyst or syrinx, and a stalk-like
attachment to the filum terminale or a rootlet [9,12,14,15]. None of these was present in our patient, and
because myxopapillary ependymoma is the commonest tumour at this level and shares every non-specific
feature, the preoperative label in most reported series, as in ours, is ependymoma or schwannoma [9,11].
Preoperative recognition matters for two reasons: the tumour is vascular, and a small proportion of cauda
equina tumours are functional and have caused intraoperative hypertensive crises [9]. The Endocrine Society
recommends plasma free or urinary fractionated metanephrines whenever a paraganglioma is suspected
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[16]. Our patient had no clinical features of catecholamine excess, the diagnosis was not suspected
preoperatively, and metanephrines were not measured.

The histological finding that most complicated the diagnosis was the presence of perivascular
pseudorosettes, traditionally regarded as a hallmark of ependymoma, together with mild nuclear
pleomorphism and scattered mitoses. However, the two largest clinicopathological series of cauda equina
paragangliomas, of 31 and 30 cases, respectively, both describe perivascular pseudorosettes and
ependymoma-like areas within otherwise typical Zellballen-patterned tumours [5,17], and cauda equina
tumours frequently show gangliocytic differentiation and cytokeratin expression that would be unusual for
paragangliomas elsewhere [7]. Pseudorosettes therefore cannot be used to favour ependymoma, and the
discrimination rests on the immunohistochemical panel: paraganglioma is diffusely positive for
chromogranin and synaptophysin, negative for GFAP and EMA, and shows S-100 only in the peripheral
sustentacular cells, as in our patient; ependymoma is GFAP-positive with dot-like EMA positivity;
schwannoma is diffusely S-100-positive; and meningioma is EMA-positive [5,11,17]. In the series of Yang et
al., synaptophysin and chromogranin were positive in every case, GFAP and EMA were negative in every
case, S-100 was positive in 84%, and the Ki-67 index was below 10% in all cases [11]. Fiorini et al. reported a
mean Ki-67 of 5.7% (range 1-10%) [14]. The Ki-67 index of 5% and the mitotic count of fewer than two per 10
high-power fields, with no necrosis or vascular invasion, in our patient are in keeping with the indolent
behaviour expected of this tumour.

Cauda equina paragangliomas differ biologically from paragangliomas at other sites. Schweizer et al. showed
that they have a unique DNA methylation profile, lack the chromosomal imbalances and SDH mutations
found in abdominothoracic paragangliomas, occur without a familial syndrome, recur in about 9% of cases
and do not metastasise outside the central nervous system [7]. This underlies their reclassification as a
distinct tumour type, cauda equina neuroendocrine tumour, in the 2021 WHO classification of CNS tumours
and the 2022 WHO classification of endocrine tumours [1,8]. Consequently, the SDHB-associated risk of
metastatic disease that governs management of sympathetic paragangliomas [18] does not apply to this site,
and germline testing is not routinely indicated in the absence of multifocal disease, secretory activity, or a
suggestive family history, none of which was present here. Consistent with this, cauda equina tumours are
almost always non-secretory [9,19], and our patient’s blood pressure remained stable throughout tumour
manipulation.

Gross total resection is the treatment of choice and is usually achievable because the tumour is encapsulated
and attached by a stalk to the filum or, as in this case, to a single rootlet, which can be sacrificed with little
or no deficit [6,9,14]. Reported recurrence rates are low, 3.9% in the pooled systematic review [10], 7% in the
scoping review [9] and 9% in the molecular series [7], and recurrence is associated with subtotal removal or
capsular breach; adjuvant radiotherapy is reserved for incompletely resected or histologically aggressive
tumours [10]. Late recurrence and, exceptionally, cerebrospinal fluid dissemination with intracranial and
intraspinal metastases have been reported [20], so periodic clinical and MRI surveillance is advisable even
after complete excision, with the interval and duration left to the treating surgeon [9]. In our patient, the
tumour was removed en bloc with the capsule intact, no adjuvant therapy was given, and he remains under
follow-up.

This report has the limitations of a single case: follow-up is limited to six months, so late recurrence cannot
be excluded; plasma and urinary metanephrines were not measured preoperatively; and intraoperative
neuromonitoring was not used.

Conclusions

Paraganglioma of the cauda equina, now termed a cauda equina neuroendocrine tumour, should be included
in the differential diagnosis of any enhancing intradural extramedullary lesion at the conus or filum level,
because MRI cannot reliably separate it from myxopapillary ependymoma or schwannoma and because its
vascularity and rare secretory potential have operative implications. Perivascular pseudorosettes on
histology do not exclude the diagnosis; a neuroendocrine immunohistochemical panel comprising
synaptophysin, chromogranin, GFAP, EMA and S-100, with a Ki-67 index, is decisive. These are sporadic CNS
WHO grade 1 tumours that are cured by complete en bloc excision in the great majority of patients without
adjuvant therapy, although long-term surveillance remains prudent.
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