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Abstract Spinal paragangliomas are extremely rare tu-

mors, most frequently involving the cauda equina and the

filum terminale. We aimed to investigate the clinical

manifestations, radiological features, management, and

follow-up data of primary spinal paraganglioma.We present

the clinical data and long-term outcomes from a consecutive

surgical series of 19 patients with pathologically diagnosed

spinal paragangliomas. All of the patients had undergone

surgical resection. Pre- and postoperative magnetic reso-

nance imaging was performed and follow-up data and neu-

rological functional assessment are presented and discussed.

The mean age at diagnosis was 47.7 years, with a significant

male predominance. The primary clinical symptoms were

low back pain and sciatica. Magnetic resonance images

(MRI) showed characteristic signs that help differentiate

paragangliomas from other spinal tumors, including a ‘‘salt

& pepper’’ sign, serpiginous flow void, and a peripheral

hypointense rim. Also, a well-encapsulated appearance can

be found intraoperatively. During a mean follow-up period

of 62.1 months, remnant tumor progression was noted on

MRI in three patients with incomplete resection. Pain

symptoms were relieved immediately after surgical inter-

vention, while motor and sphincter dysfunction were much

slower to improve. Differential diagnosis of paraganglioma

based on MR images alone is challenging, but the presence

of specific characteristic features provides suggestive clues;

however, accurate diagnosis depends on pathological crite-

ria. Despite the benign course, gross total resection is ideal,

given an increased risk of recurrence in situ. Timely

recognition and surgical treatment should be emphasized to

avoid progressive neurological deficits.
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Introduction

Paragangliomas are neoplasms originating from the sym-

pathetic or parasympathetic autonomic nervous system,

which can be found in adrenal and extra-adrenal locations

[1]. Extra-adrenal paragangliomas are rare and can occur

throughout the body, most commonly in the carotid bodies

and the jugular glomus [2, 3]. Primary spinal paragan-

gliomas are extremely rare, most frequently involving the

cauda equina and the filum terminale [2–5]. Paragan-

gliomas are generally considered to be slow-growing tu-

mors, corresponding histologically to World Health

Organization (WHO) grade I.

To our knowledge, few clinical reports of primary spinal

paraganglioma have been published since the earliest de-

scription of paraganglioma of the filum terminale in 1972

[6]. Therefore, the relevant clinical characteristics, man-

agement, and outcomes of primary spinal paraganglioma

remain obscure, with a lack of studies including a large
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case series from a single center [2]. We present the clinical

data and long-term outcomes from a consecutive surgical

series of 19 patients with pathologically diagnosed spinal

paragangliomas.

Methods

Materials

Between 2001 and 2014, 218 patients were pathologically

diagnosed with paragangliomas in our institution, with 20

cases of primary spinal paragangliomas and the remaining

with tumors in the jugular foramen region. One patient was

excluded from the study because of a pathological diag-

nosis of gangliocytic paraganglioma; therefore, a con-

secutive surgical series of 19 patients with spinal

paragangliomas were included. Paragangliomas were di-

agnosed based on pathological criteria, and reassessed by

two neuropathologists, independently. Perioperative mag-

netic resonance imaging (MRI) with gadolinium-contrast

enhancement was performed as standard radiological in-

vestigation. We recorded data related to the clinical char-

acteristics, radiological features, pathological findings,

treatment, and follow-up outcomes.

Treatment

With intraoperative neurophysiologic monitoring of so-

matosensory and motor-evoked potentials, all patients un-

derwent surgical resection via the posterior midline

approach, and no evoked potentials were lost during the

operation. Based on intraoperative findings and postop-

erative MR images, gross total resection (GTR) was

achieved as removal with surgical margins, which were

grossly and microscopically tumor-free. The extent of re-

section was confirmed by postoperative MR imaging and

no patients received other adjuvant treatments. For im-

munohistochemistry, we recorded the percentage of Ki-67-

positive cells and degree of staining for synaptophysin,

chromogranin A, glial fibrillary acidic protein, neuron-

specific enolase, epithelial membrane antigen, creatine ki-

nase, vimentin, and S-100 protein.

Follow-up data

Follow-up data for all but two patients were obtained

during individual office visits. The patient’s neurological

function and the severity of associated myelopathy was

evaluated according to the Japanese Orthopedic Asso-

ciation score designed for lumbosacral disorders (total

score of 29 points) [7, 8]. This functional assessment and

MR imaging were performed perioperatively, at discharge,

at 3 months after surgery, semi-annually or annually

thereafter, and at the last clinical visit.

Results

Clinical presentation

A total of 218 patients were diagnosed with paragan-

gliomas based on postoperative histology. Of these, 198

(90.8 %) had paragangliomas in the jugular foramen; one

(0.5 %) was diagnosed as having spinal gangliocytic

paraganglioma; and 19 (8.7 %) patients with spinal

paragangliomas were finally included in the study

(Table 1). Patients included seven females and 12 males,

with a mean age of 47.7 ± 15.3 years (range,

20–75 years). The duration of symptoms preceding the

initial diagnosis ranged from 1 month to 5 years (mean,

21.4 months) and symptoms included low back pain (15

cases, 78.9 %), sciatica (16 cases, 84.2 %), motor deficits

(12 cases, 63.2 %), sensory disturbance (10 cases,

52.6 %), and sphincter dysfunction (five cases, 26.3 %).

Hypertension was found in four patients, although no

significant blood pressure changes were noted periop-

eratively and during follow-up.

Radiological manifestations

Preoperative MRI was available for all patients. The sus-

pected diagnosis preoperatively included ependymoma,

schwannoma, teratoma, meningioma, and hemangioblas-

toma. All tumors were located at the level of the cauda

equina or the filum terminale and the mean dimension of

the lesions in the maximum axis was 49.3 mm (range,

17–112 mm). Solid tumors showed homogeneous isoin-

tense signal on T1-weighted MR images (T1WI), and

isointense or slightly hyperintense signal on T2-weighted

images (T2WI). After gadolinium diethylene triamine

pentaacetic acid administration, the tumor showed sig-

nificant homogeneous enhancement. Cystic changes were

found in two patients because of intratumoral hemorrhage.

The preoperative MR appearance of the paragangliomas

appeared similar to other solid tumors; however, certain

characteristic findings were observed. A salt-and-pepper

appearance, which is considered a characteristic feature on

T2WI because of the hypervascular structure, was observed

in eight cases (42.1 %, Fig. 1); a peripheral hypointense

rim related to hemosiderin content was found in nine cases

(47.3 %); and serpiginous flow voids were noted in 11

cases (78.9 %, Fig. 2). No significant peritumoral edema or

associated syringomyelia was noted.
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Table 1 Clinical characteristics in patients with spinal paragangliomas

Case

no.

Age

(year)

Sex Main clinical symptoms Duration Location Length

(mm)

A.S. Resection Pre-

op

Outcome (JOA score) Follow-

upc

Post-

op

IR %b Long-

term

1 48 M LBP, sciatica,

paraparesis, UFD

8 months L3-5 75 CE GTR 140 220 53 % 240 11

2 46 M LBP, sciatica,

numbness, UR

4 years L2-3 N.A. CE 1st-op:

PRa
150 170 14 % – 10

LBP, sciatica,

numbness,

paraparesis, UR

Recurrence L2-3 40 CE 2nd-op:

GTR

80 180 48 % 180 20

3 44 F Sciatica, paraparesis,

UFD

5 years L3-S1 112 CE GTR 170 220 42 % 280 24

4 20 M Sciatica 4 months L2 18 CE GTR 230 290 100 % 290 25

5 55 F Sciatica, paraparesis 2 years L1-2 66 CE GTR 190 270 80 % 270 28

6 48 F LBP, sciatica 1 year L1-2 N.A. CE 1st-op:

PRa
180 200 18 % – 5

LBP, sciatica Recurrence L1-2 33 CE 2nd-op:

GTR

200 270 78 % 270 34

7 54 M LBP, sciatica, numbness 1 year L4-5 23 FT GTR 190 250 60 % 260 44

8 69 M LBP, sciatica,

paraparesis

5 months L5 N.A. CE 1st-op:

STRa
160 250 69 % – 14

Paraparesis Recurrence L5-S1 25 CE 2nd-op:

STR

250 270 50 % – 6

LBP, sciatica,

paraparesis

Recurrence L5-S1 63 CE 3rd-op:

GTR

140 240 67 % 240 58

9 22 F Sciatica, paraparesis 1 month L5-S1 55 CE GTR 130 230 63 % 230 61

10 35 F LBP, sciatica,

numbness, paraparesis

4 years L1-3 81 CE GTR 160 240 62 % 240 65

11 49 M LBP, sciatica,

numbness,

paraparesis, UR

7 months L3-5 96 CE STR 90 170 40 % 190 72

12 54 F LBP, sciatica 2 years L2-3 22 FT GTR 190 290 100 % 290 75

13 46 M LBP, sciatica,

paresthesia

9 months L1-2 47 CE STR 170 250 67 % 270 76

14 75 M LBP, numbness,

paraparesis,

paresthesia

1 year L2-3 49 FT GTR 160 230 54 % N.A. –

15 66 M LBP, numbness,

paraparesis

3 years L2 17 CE GTR 200 250 56 % 250 97

16 27 M LBP, sciatica,

numbness,

paraparesis,

paresthesia, UFD

5 years L1-2 39 CE GTR 90 170 40 % 230 109

17 38 M LBP, numbness 2 years S1-2 19 CE GTR 200 260 67 % N.A. –

18 68 M LBP, sciatica,

numbness, paraparesis

5 months L5-S1 32 CE GTR 120 220 59 % 230 118

19 43 F LBP, sciatica 7 months L3-S1 49 FT GTR 160 240 62 % 290 139

F female, M male, LBP low back pain, UFD urinary and fecal difficulty, UR urinary retention, A.S. adhesion structure, CE cauda equina, FT

filum terminale, GTR gross total resection, STR subtotal resection, pre-op preoperative, post-op postoperative, IR % improvement rate, N.A. Not

available
a The patients underwent PR or STR in other institution
b The improvement rate = (postoperative score–preoperative score)/(29–preoperative score) %, 100 % was categorized as complete remission;

60–100 % as significant efficacy; 25–60 % as effective group; less than 25 % as ineffective group
c The interval from the last hospital discharge to recurrence or the latest MRI examination
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Treatment and immunohistological findings

No patient underwent preoperative embolization or radio-

surgery and all patients underwent laminotomy and micro-

surgical tumor removal via a posterior approach. After the

dura mater was opened in the dorsal midline, a grayish mass

with a thin fibrous capsule was identified. The feeding ar-

teries were coagulated, and the tumor was then resected en-

bloc or piecemeal according to the relationship of the tumor

and nerve roots. Every attempt was made to remove the tu-

mor en-bloc because piecemeal removal could lead to ex-

tensive bleeding. Paragangliomas are hypervascular but

intraoperative bleeding was effectively controlled even

without prior endovascular embolization. The lesions were

found attached to the cauda equina to varying degrees in 15

cases, and to the filum terminale in four cases. The interface

between the tumor and the nerve root was separated with

microdissectors and forceps and in 14 cases, and GTR of the

tumor with a well-demarcated dissection plane was

achieved. However, in the remaining five cases, the tumor

was extremely adherent, and subtotal resection (STR) was

elected to preserve the nerve roots. Three patients underwent

reoperation because of recurrences in situ detected on MRI

during follow-up, and ultimately GTR was achieved by

sacrificing the nerve rootlets in these patients. We encoun-

tered no intraoperative blood pressure or heart rate changes

Fig. 1 Magnetic resonance images demonstrating cystic-solid lesions

with intratumoral hemorrhage (arrowheads) in two patients. The solid

tumors showed homogeneous isointense signals on sagittal T1-

weighted images (a, d) and isointense or slightly hyperintense signal

on sagittal T2-weighted images (b, e) with significant homogeneous

enhancement after gadolinium diethylene triamine pentaacetic acid

administration (c, f). A ‘‘salt & pepper’’ appearance because of the

rich vascularization of paragangliomas was noted (arrows)
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suggesting potential catecholamine secretion and no patients

received adjuvant radiotherapy or chemotherapy.

Histopathological examination showed a typical nesting

‘‘Zellballen’’ pattern with abundant interstitial vascularity

with tumor cells forming lobules and the nests separated by

cellular cords or fibrovascular septa (Fig. 3). Immunohisto-

chemical staining showed that all of the available cases were

positive for synaptophysin, chromogranin A, and neuron-

specific enolase, but negative for glial fibrillary acidic pro-

tein, epithelial membrane antigen, and creatine kinase. Also,

vimentin was significantly positive in 11 patients (58 %),

and S-100 protein was positive in 16 (84 %). The positive

expression rate for Ki-67 was\10 % (Table 2).

Postoperative course and functional evaluation

The postoperative course was uneventful in this cohort,

with no significant complications noted and no mortality or

metastasis. Among the five patients who underwent in-

complete tumor removal, three were admitted to our in-

stitution for reoperations because of residual tumor

regrowth and GTR was ultimately achieved. The mean

interval of recurrence was 8.8 months. During the mean

follow-up period of 62.1 months (standard de-

viation = 37.4, range 11–139), no recurrence after GTR

was observed, and no evidence of residual tumor regrowth

was shown on MRI in the remaining two patients following

Fig. 2 Magnetic resonance images of two patients showing lesions.

Homogeneous isointense signal on sagittal T1-weighted images (a,
d); slightly hyperintense signal on sagittal T2-weighted images (b, e);
and significant homogeneous enhancement after gadolinium

diethylene triamine pentaacetic acid administration (c, f). A periph-

eral hypointense rim related to hemosiderin (arrowheads) and

serpiginous flow voids and feeding arteries (arrows) were also

observed
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STR. Postoperatively, all patients experienced improved

symptoms to varying degrees. The low back pain and sci-

atica was relieved in all patients immediately after op-

eration, while the neurological functional recovery was

relatively difficult. According to the JOA scores, two pa-

tients experienced complete remission following surgery;

significant efficacy was achieved in nine patients; and

operations were effective in the remaining eight patients.

At the last follow-up, there were no complaints of pain, and

paresthesia was partially relieved in six patients. No sig-

nificant improvement in motor or sphincter function was

observed, but one patient showed slightly improved lower

extremity weakness. No significant blood pressure changes

were noted during follow-up.

Fig. 3 Histopathological photomicrographs of paraganglioma.

Images show typical nesting ‘‘Zellballen’’ pattern with abundant

interstitial vascularity (a, arrowheads). The tumor cells formed

lobules and the nests were separated by cellular cords or fibrovascular

septa (b, arrows) (hematoxylin and eosin stain, original magnifica-

tion: 9100)

Table 2 Immunohistochemical

analysis of spinal

paraganglioma specimens

Immunohistochemical markers Positive cases Negative cases Not available

Synaptophysin 19 0 0

Chromogranin A 19 0 0

Glial fibrillary acidic protein 0 19 0

Neuron-specific enolase 17 0 2

Epithelial membrane antigen 0 17 2

Creatine kinase 0 17 2

Vimentin 11 4 4

S-100 protein 16 3 0

Ki-67 % All\10 %
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Discussion

Epidemiology and clinical features

Paragangliomas are relatively rare tumors that develop

from the paraganglia of the autonomic nervous system [1].

They can be found in adrenal and extra-adrenal tissues, and

the extra-adrenal paragangliomas can be divided into

sympathetic and parasympathetic types. The sympathetic

paragangliomas are usually secretory and produce

catecholamines [9, 10], while parasympathetic paragan-

gliomas tend to be non-secretory [4]. As previously re-

ported, paragangliomas in the central nervous system are

predominantly found at the bifurcation of the common

carotid artery and in the middle ear regions, occupying

approximately 80–90 % of all paragangliomas. These are

predominantly parasympathetic without remarkable symp-

toms [11]. Spinal paragangliomas are extremely rare, and

they are usually located in the lumbar and sacral regions [2,

4], but precise data about the prevalence of spinal para-

gangliomas remain undetermined [3, 4]. In the current

study, intraspinal paragangliomas constituted ap-

proximately 9 % of all paragangliomas confirmed patho-

logically and all of the tumors presented as intradural,

extramedullary tumors at the level of the cauda equina and

the filum terminale, which is consistent with previous re-

ports. The male to female ratio was 1.7:1, similar to pre-

vious reports of male predominance [1]. No distinct age

distribution was noted. The average duration of symptoms

preceding diagnosis was 21.4 months, which is sig-

nificantly shorter than reported [12]. No significant corre-

lation was observed between the duration of symptoms and

tumor dimension.

Spinal paragangliomas can present with symptoms of

radiculopathy or slowly progressive spinal cord compres-

sion. Similar to previous reports, low back pain and sciatica

were the most common clinical presentations in the present

study, and sensory-motor and sphincter dysfunction can

develop along with clinical progression [1, 5]. Very few

previously reported cases presented with sympathetic se-

cretory symptoms related to catecholamine and in our case

series, no significant blood pressure or heart rate changes

were noted peri-operatively and during follow-up, ruling

out a diagnosis of secreting paraganglioma.

Diagnosis and clinical considerations

Preoperative diagnosis of paragangliomas based on MRI

features alone is challenging because of their rarity [1, 5].

On MRI, paragangliomas are generally hypointense to

isointense on T1WI and isointense to hyperintense on

T2WI, and contrast-enhanced T1WI homogeneity delin-

eates the tumor [4, 13]. It should be noted that the

following potential characteristics can assist the diagnosis

of paraganglioma: a ‘‘salt & pepper’’ appearance on T2WI

because of the rich vascularization of paragangliomas,

serpiginous flow void, peripheral hypointense rim related

to hemosiderin, and a location at the level of the cauda

equina or the filum terminale [1, 3–5]. Differential diag-

noses include ependymoma, schwannoma, meningioma,

teratoma, and hemangioma [1]. Intratumoral hemorrhage

can also be found in sporadic cases, posing greater chal-

lenges for diagnosis [14].

A definitive diagnosis depends on pathological ex-

amination, which shows a unique ‘‘Zellballen’’ pattern as a

solid mass of paraganglion-type nests or cords [2, 3, 5].

Immunohistochemical staining can assist the diagnosis [15]

and positivity for S-100 protein, which has a specific high

positive rate in low-grade tumors, and a low-level positive

expression rate of Ki-67 may indicate benign spinal para-

gangliomas [2, 4, 12].

Therapeutic options and surgical outcomes

Paragangliomas are considered slow-growing benign tu-

mors, corresponding to WHO grade I, histologically. While

less than 1 % of paragangliomas are reported with ag-

gressive behavior in extremely rare cases [2, 16–18], and

they are susceptible to long-term control by total resection,

GTR is the ideal treatment. Considering the hypervascular

nature of paragangliomas, preoperative embolization is

advocated for jugular foramen paragangliomas in some

reports [14, 19, 20]. In our experience, spinal paragan-

gliomas are removable with manageable intraoperative

bleeding, and preoperative embolization may not be nec-

essary. As they are most often located in the intradural,

extramedullary compartment, and the masses are well en-

capsulated with a distinct vascular pedicle intraoperatively,

total en-bloc resection should be attempted [1, 4, 5]. The

main technical problem preventing GTR is dense adhesion

to nerve roots [21]. If GTR is not possible, STR can be

effective for pain relief and neurological functional im-

provement [15]. With meticulous operation and elaborate

care, the postoperative course can be uneventful, and

complications such as infection, pressure ulcers, and ve-

nous thrombosis can be avoided.

Pain symptoms can resolve completely with operation,

but neurological functional recovery is prolonged. After

complete excision, no focal recurrence or metastasis was

observed during the follow-up period in our study, while

three of the five patients undergoing incomplete removal

were readmitted because of in situ recurrence. Our insti-

tutional experience supports that spinal paragangliomas

have a benign course and a favorable prognosis [22].

However, the natural history of spinal paragangliomas re-

mains unclear because of a lack of large-sample dynamic
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observations. Considering the relatively short preoperative

clinical course and recurrence interval, timely surgery and

GTR should be emphasized to avoid severe progressive

neurological deficits and to reduce the risk of residual tu-

mor recurrence [21, 23].

Adjunctive therapy

To date, the role of radiotherapy and chemotherapy for

spinal paragangliomas is undetermined. According to the

literature regarding intracranial counterparts, radiotherapy

cannot help tumor regression, but many published series

following conventional radiotherapy report 10-year tumor

control rates of 90–100 % [24–26]. Radiotherapy is ef-

fective for long-term control including stabilization and an

absence of recurrence of symptoms, and absence of tumor

growth and radiological signs of progression [24]. Stereo-

tactic radiotherapy has been reported useful to irradiate

small intracranial paragangliomas, achieving long-term

control [27]. These authors propose radiotherapy as a first-

line treatment for intracranial paragangliomas, particularly

in patients with no preoperative deficits. Chemotherapy has

been reported in a few sporadic cases with extra-CNS

malignant paraganglioma, but the efficacy is controversial

[28]. There are also a small number of studies suggesting

that radiotherapy and chemotherapy have insignificant ef-

ficacy, proposing that these should be used only in patients

who cannot tolerate surgery and in those with metastases

[4, 18].

In our cohort with spinal paragangliomas, the primary

goal was removal of the space-occupying mass and de-

compression; therefore we proposed surgery as the pre-

ferred treatment strategy. Considering the dull biological

activity and indolent natural history, we did not recom-

mend postoperative radiotherapy, even in the cases with

STR. However, remnant tumor progression was noted on

follow-up MRI in three patients who underwent incomplete

resection. Therefore, a more aggressive strategy is recom-

mended in patients with spinal paragangliomas, and post-

operative adjuvant radiotherapy might be helpful when

GTR is difficult to achieve [29, 30].

Conclusion

Spinal paraganglioma is an extremely rare entity, with a

benign clinical course. Certain characteristics on MRI could

suggest the diagnosis, including ‘‘salt & pepper’’ appear-

ance, serpiginous flow void, peripheral hypointense rim, and

predilection for the lumbosacral segment. En-bloc GTR is

ideal. Surgery is effective for pain relief and varying degrees

of neurological functional improvement. Postoperative ra-

diotherapy may be helpful for long-term tumor control

following incomplete resection. Early recognition, correct

diagnosis, and timely surgical treatment are important to

avoid progressive neurological deficits.
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