
IMAGING DIAGNOSIS—PARAGANGLIOMA OF THE CAUDA EQUINA:
MR FINDINGS
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The magnetic resonance imaging features of a cauda equina paraganglioma in a 5-year-old dog are described.
Imaging revealed a well-defined, strongly contrast-enhancing mass invading the adjacent vertebral body and
infiltrating the intervertebral foramen bilaterally. Flow void, compatible with increased drainage veins around
the mass, and macroscopically visible neovessels in contrast-enhanced magnetic resonance angiography, as
reported in numerous human studies, were not visible in this single case. The tumor recurred despite aggressive
surgery and radiotherapy. This neoplasm should be considered in the differential diagnosis of cauda equina
abnormalities in dogs. C© 2013 American College of Veterinary Radiology.
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Signalment, History, and Clinical Findings

A 5-YEAR-OLD, 32 kg male Basset Hound dog was evalu-
ated following intermittent unlocalized vertebral col-

umn pain over the previous months without any neurolog-
ical deficit. The dog was reluctant to climb and go down
the stairs and complained while being helped to climb into
the car. Signs of pain always resolved under non-steroidal
anti-inflammatory medications or corticosteroids but con-
stantly recurred after the treatment was stopped. There was
no urinary or fecal incontinence, no ataxia or paresis. Pain
secondary to disk protrusive disease was the first tentative
diagnosis. Although only subjective, the referring veterinar-
ian and owners suspected the abnormality to be cervical in
origin.

Diagnostic Imaging

Magnetic resonance (MR) Imaging of the spine was
performed using a 1.0 T system (Harmony Siemens, Er-
langen, Germany). Turbo-spin-echo T2-weighted (T2W
TSE) and T1-weighted (T1 TSE) images were acquired
in the sagittal plane. T2W TSE images with fat suppres-
sion (fatsat) were acquired in the dorsal plane. T1-weighted
fast-low-angle-shot (FLASH-3D) images were acquired in
the dorsal plane before and during dynamic intravenous
injection of gadolinium chelates (DOTAREM, Guerbet,
France). Post-contrast T1W TSE images were acquired in
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the sagittal, dorsal, and transverse planes. T2* multiecho
data image combination (MEDIC) and fluid attenuated in-
version recovery (FLAIR) sequences were acquired in the
transverse plane in the thoraco-lumbar area. Angiographic
images were obtained by subtracting post-contrast acqui-
sitions from the initial FLASH-3D mask. A maximum in-
tensity projection (MIP) of the subtraction data in multi-
ple views was carried out with the MR scanner software.
Sagittal T2-weighted images showed a well-delimited extra-
medullary mass extending from the level of the L6-L7 in-
tervertebral disk space to the level of mid-S1. The mass
was 32 mm long, 7 mm high, and, 48 mm thick. The le-
sion severely enlarged and extended into the intervertebral
foramina bilaterally, more prominently to the right.

The mass invaded the dorsal surface of the L7 verte-
bral body, following the foramen of the basivertebral vein.
Osseous vertebral body scalloping and invasion appeared
smoothly delimited. The mass was heterogeneously hyper-
intense in T2-weighed images to the adjacent spinal cord
parenchyma, and strongly enhanced after contrast medium
injection. A hypointense thin and well-defined rim, com-
patible with a tumor capsule, was seen in T1 W TSE and
T2W TSE images. In T2W TSE images, some well-defined
rounded hyperintense areas inside the mass, representing
probable cystic components, were evident (Fig. 1.). Turbo-
spin images failed to show any flow-void linear structures
inside the lesion compatible with enlarged drainage veins.
Dynamic injection studies did not show any large feeding
vessels to the mass, either in the arterial phase or in subse-
quent times.

The differential diagnoses included extramedullary neo-
plasms (ependymoma, paraganglioma, meningioma, nerve
sheath tumor, lymphoma, histiocytic sarcoma, metastasis).
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FIG. 1. (A) Sagittal T2-weighted image (TR = 1750 ms, TE = 95 ms, slice thickness = 3.2 mm). (B) Sagittal T1-weighted image (TR = 623 ms, TE =
13 ms, slice thickness = 4.6 mm). (C) Transverse T2-weighted image (TR = 1600 ms, TE = 106 ms, slice thickness 4.0 mm). (D–E) Transverse T1-weighted with
fatsat image post contrast at the level of L7 midbody (TR = 603 ms, TE = 13 ms, slice thickness = 4.5 mm). There is an irregular but well-defined lesion in the
spinal canal invading the vertebral body of L7 and extending bilaterally into the intervertebral foramina. The mass is heterogeneous in T2-weighted images,
and limited by a thin hypointense rim in T1 and T2-weighted images. Enhancement is strong after contrast injection. Dorsal is on top and the patient’s right is
to the viewer’s left.

Sagittal, dorsal, and transverse T2W TSE scans showed
an ill-defined intramedullary hyperintense lesion extending
from T7 to L2. Signal hyperintensity was central in sagit-
tal images. Transverse and dorsal T2W TSE and trans-
verse T2* MEDIC showed a heterogeneous hyperintense
signal in the gray matter of the spinal cord and in the cen-
tral most area of white matter territories, sparing the outer
most white matter parenchyma. Spinal cord diameter was
locally slightly increased. Transverse T2* MEDIC did not
show any signal drop compatible with paramagnetic blood
breakdown products. These intramedullary signal abnor-
malities were T1W TSE hypointense and did not enhance
after contrast medium injection. Transverse FLAIR images

showed heterogeneous signal abnormalities with a mix of
hyper and hypointense intramedullary lesions. Based on
MRI characteristics, the tentative diagnosis was edematous
intramedullary process secondary to the cauda equina tu-
mor or degenerative (gliosis) without any connection with
the neoplastic process.

Treatment, Outcome, and Diagnosis

Therapy included cytoreductive surgery by dorsal
laminectomy and limited lumbosacral foraminotomy. En-
tire removal of the neoplasia was not achievable, partic-
ularly in both intervertebral foramina. A sample of the
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FIG. 2. Overview showing a biphasic population of neoplastic cells. Tumor cells are arranged in lobules of varying size and surrounded by a delicate,
well-vascularized, fibrovascular stroma. Cells have distinct borders, abundant eosinophilic cytoplasm, large and ovoid nucleus, fine chromatin, and large central
nucleoli. Cytonuclear atypia are moderate and mitosis figures frequent. Congestivo-hemorrhagic changes and edema are marked [hematoxylin and eosin].
(A) ×40. (B) ×400.

mass was collected in neutral buffered 10% formalin and
processed routinely, stained with hematoxylin and eosin.
Microscopy showed a well-differentiated neoplasm con-
taining clusters of granulated epithelioid cells surrounded
by thin fibrovascular stroma (zell Ballen). Tumor cells had
medium-sized nuclei with prominent nucleoli. Cytolonu-
clear atypia were moderate and mitosis figures were regu-
larly observed (Fig. 2). These structural features were in-
dicative of a paraganglioma. Adjuvant radiation therapy
was performed 2 months after the surgical ablation of the
tumor. Radiation protocol was defined as a weekly fraction-
ated total dose of 32 Gy in four stages. Carboplatine and
tiludronate were administrated as adjuvant therapy and ra-
diosensitizer on the first day of the radiation protocol and
during the last irradiation as well.

Follow-up MRI examination was performed 3 months
after the surgery and 25 days after the last radiation therapy
with the same imaging protocol. The tumor was roughly
the same size and behaved exactly the same as at the first
examination in T1W TSE, T2W TSE, and post-contrast
T1W TSE. Disappearance of the central intramedullary
T2W TSE and FLAIR hyperintense abnormalities was the
only visible change, ruling out the suspicion of gliosis but
instead probably confirming resolved edema.

The 5th month following surgery, the dog was eval-
uated for recurrence of severe vertebral column pain.
The dog was now unable to get up without assistance
and ambulatory paraparesis was now evident. Neurolog-
ical examination revealed deficits compatible with a lower
motoneuron on both hind limbs with loss of anal and vesi-
cal tone. Neuroanatomic localization was now compati-
ble with a L4-S3 myelopathy. The owner declined further
investigation and elected euthanasia. Necropsy was not
permitted.

Discussion

Paragangliomas are neoplastic proliferations of extra-
adrenal paraganglionic cells that derive embryologically
from neural crest cells closely associated with the auto-
nomic nervous system. Based on their anatomic locations,
paragangliomas are classified into four subgroups: (i) bran-
chiomeric including aortic and carotid bodies, (ii) intrava-
gal located along the vagus nerve, (iii) aortico-sympathetic
located particularly in the retroperitoneal space and
(iv) visceral-autonomic found in widely dispersed locations
such as thyroid, middle ear, gastro-intestinal tract, pan-
creas, prostate, larynx, gall bladder, intrathoracic region,
and peripheral blood vessels.1, 2

To our knowledge, this case is the first MRI description
of a cauda equina paraganglioma in the dog. Only a few
cases of primary extra-vertebral paragangliomas, involv-
ing secondarily the vertebral canal have been reported in
dogs and cats.3–5 Primitive intraspinal paragangliomas have
been rarely reported in animals. Only post-mortem patho-
logic reports described a paraganglioma emanating from
the cauda equina in a cat6 and a cow1.

In humans, MR Imaging findings of paragangliomas
arising in the cauda equina have been described in sev-
eral individual or anecdotic case reports and are gener-
ally nonspecific, with the tumor relatively isointense to
the spinal cord in T1-weighted images and hyperintense in
T2-weighted images. The largest case report studies found
in the recent human literature and describing MRI find-
ings involved only seven2 and six patients.7 Heterogeneous
signal intensity has been observed on T2-weighted im-
ages and in particular, a hypointense margin of the tumor
representing encapsulation and suggesting paramagnetic
effects from hemosiderin.2, 7,8 Vertebral scalloping and
neuroforaminal enlargement secondary to longstanding
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osseous remodelling are frequently recognized and confirm
the slow-growing nature of the tumor.9

The hypervascular nature of paragangliomas is a distinc-
tive feature that has been noted on both angiography and
MR imaging. This hypervascularity results in punctuated
areas of flow void, interspersed in a matrix of increased
signal intensity caused by slow flow and tumor cells.10 This
produces a “salt and pepper” appearance on T2-weighted
images. These features are considered characteristics of
paragangliomas within the head and neck, but have also
been described in lesions arising in the cauda equina. Small-
sized tumors tend not to show the flow void phenomenon
and in some other cases, flow void and hypervascularity
have not been detected. Angiographic sequences are rec-
ommended to identify macroscopic-feeding tumoral vessels
and to help the surgical approach of the mass even though
the vessels were not visible in our single case. Microscopi-
cally, paragangliomas are characterized by the presence of
two cell types, classically arranged into lobules or “Zell-
ballen”. The predominant cell type (the chief cell) is round-
to-oval in shape with abundant eosinophilic granular cyto-
plasm. The second cell type is sustentacular or supporting
cell. Although frequently characteristic, histological find-
ings can be equivocal and complicated by admixed ele-
ments as reported in some cases.11 In these complex cases,
testing immunoreactivity for S100 (in sustentacular cells)
and chromatogranin A, synaptophysin and neuron-specific
enolase (for chief cells) has been recommended to distin-
guish paraganglioma from ependymoma or ganglioglioma.
Unfortunately, immunoreactivity was not available in our
case.

The differential diagnoses for a mass arising in the cauda
equina region include ependymoma, nerve sheath tumor,
meningioma, lipoma, epidermoid, metastases, and multi-
ple myeloma. However, because considerable overlap exists
in their imaging characteristics, differentiation of paragan-
glioma from these other tumors is theorically not possi-

ble based on MRI alone. Compared to ependymomas, en-
hancement seems to be stronger due to the more vascular
nature. Paraganglioma tends to be rather circular instead
of ovoid, and generally smaller at the time of diagnosis
when most ependymomas frequently extend over several
vertebral levels. Compared to schwannomas, the central lo-
cation and the absence of a dumbbell appearance may add
an argument to the tentative diagnosis. However, these fea-
tures are only relative and definitive diagnosis cannot be
made without surgery.12

The standard treatment of these tumors is complete sur-
gical resection, usually requiring the sacrifice of the carrying
nerve root. As in our current case, adjuvant radiotherapy
has not shown any benefit in two human studies.7

Paragangliomas are usually regarded as benign, but ma-
lignancy is reported in 6.5% of extra-adrenal paragan-
gliomas and local recurrence has been described in 12%.10

The tumor can exhibit a secretory function causing parox-
ysmal hypertension which may be life threatening.13 There-
fore, the differential diagnosis is important because of
potential life threatening complications during surgical ma-
nipulation of the mass.

Intramedullary T2W TSE and FLAIR hyperintense
abnormalities can be detected in the upper spinal cord
segments due to edema or intramedullary cysts secondary
to the cauda equina tumor.14 Incidental discovery of
such signal abnormalities was especially important in our
case because presenting signs were suspected cervical in
origin and MRI examination began with a cervicothoracic
scan. An intraspinal mass lesion outside the field of
view was suspected and only a complete survey of spinal
cord made the discovery of the cauda equina lesion
possible.
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