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Introduction

Intraspinal neoplasms can involve the spinal cord, dura
mater, spinal nerves, or paraspinal tissues, resulting in
clinical signs of spinal dysfunction. According to their loca-
tion relative to spinal cord and duramater, they are classified
as intramedullary (IM), intradural-extramedullary (ID-EM),
or extradural (ED).1,2 The ED tumours have been described to
account for 50% of all spinal cord neoplasms in dogs, followed
by ID-EM reported with an overall distribution of 35%; IM
tumours are least common, comprising the remaining 15%.2

Peripheral nerve sheath tumours (PNSTs) are a heteroge-
neous group of soft tissue neoplasms, both benign and
malignant, arising from Schwann cells or modified Schwann
cells, endoneurial fibroblasts, or perineural cells.3 The latest

2007 World Health Organization (WHO) classification of
human PNSTs was adapted to veterinary medicine due to
the remarkable gross and histological similarities of these
tumours in people and dogs.4 According to this classification,
there are four major subtypes: schwannoma, neurofibroma,
perineurioma, and malignant peripheral nerve sheath tu-
mour (MPNST).4 Any part of a nerve or nerve root can be
affected, involving spinal nerve roots in the caudal cervical
and cranial thoracic region, nerves contributing to the bra-
chial plexus,3,5–7 as well as cranial nerves and other periph-
eral nerves.3,8–10One report describes schwannoma as being
the second most common spinal tumour in dogs after
meningioma.11 However, compared with other spinal cord
affections, such as trauma and intervertebral disc disease,
neoplasms are the least common compressive lesion.7,12
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Abstract The aim of this report is to describe an unusual localization of nerve sheath tumour
(NST), clinical presentation, imaging, surgical management, and outcome in a 2-year-
old dog. A 2-year-old female American Staffordshire Terrier presented with non-
ambulatory paraparesis, thoracolumbar hyperaesthesia, hindlimb hyperreflexia, and
mild muscle atrophy. Computed tomography and magnetic resonance imaging
revealed an extradural mass at T7-T8, without vertebral lesions. Surgical treatment
consisted in resection of the soft tissuemass through dorsal laminectomy. The dog was
ambulatory within 24 hours and free of recurrence at 18 months postoperatively.
Histopathologic and features of immunohistochemistry were consistent with NST. The
NST of this report was similar to those described before, but exhibited unusual
characteristics, such as being extradural, without extension into intervertebral forami-
na, and being located in an atypical region (T7-T8). Moreover, survival time and relapse-
free interval are greater than previously reported for similar cases.
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Current treatment options for spinal tumours include surgi-
cal resection,5,6 stereotactic radiation therapy (SRT),1,13,14 and,
occasionally, chemotherapy.15 The PNSTs have a high rate of
recurrence, and the overall prognosis is considered poor,
depending on the completeness of local resection, spinal cord
infiltration and collateral damage before and during surgery,
and on tumour type.1,6

Herein we report a PNST in a 2-year-old dog, extradurally
at T7, which is an infrequent location,1,3,5 and the successful
long-term outcome after surgical excision.

Case Description

A 2-year-old, intact female American Staffordshire Terrier,
weighing 26kg, presentedwith a 1-month history of hindlimb
paraplegia, with no known history of trauma. The dog under-
went previously treatmentwith prednisone (1mg/kgq. 12per
os [PO], Prednicortone, Dechra Veterinary Products S.r.l.,
Turin, Italy) which temporarily yielded some improvement.
At referral to the reporting institution, the dog presentedwith
non-ambulatory paraparesis, hypertonic hindlimb muscles,
lack of proprioception, and hyperreflexia of the hindlimbs

(patellar and cranial tibial reflex). Deep palpation of the
thoracolumbar vertebral region elicited pain in the T5-T10
area, and the cutaneous trunci reflex was lost caudal to T10.
Complete blood count, serum biochemical examinations, and
cardiologic evaluation were unremarkable.

Magnetic resonance imaging (MRI) and computed tomog-
raphy scan (CT) were performed 20 days before being
referred to the teaching hospital (►Fig. 1). The CT scan
showed a well-defined ED mass (11�10�18mm), dorsally
to the spinal cord at the level of T7-T8, causing moderate
compression of the dural sac. Contrast-enhanced CT images
confirmed the absence of other alterations affecting the
vertebral column. On MRI, the mass was hyperintense on
T1-weighted and short tau inversion recovery sequences and
hypointense on T2-weighted images; mild to moderate
heterogeneous contrast enhancement was present, not
extending outside the vertebral canal, with normal profiles
of vertebral bodies and intervertebral foramina. There were
no signs attributable to lung or lymph node metastasis,
neither on CT nor on MRI.

The imaging features were most compatible with menin-
gioma, fibrosarcoma, and PNST, but hemangiosarcoma,

Fig. 1 Transverse and sagittal magnetic resonance imaging (MRI) T1-weighted (A, B) and contrast-enhanced computed tomography (CT)
(C, D) images of the spina at the level of the caudal end of T7 body. A mass (arrows) is visible inside the vertebral canal and compressing the
underlying spinal cord (asterisk). The mass appears to be hyperintense in T1-weighted MRIs (A, B) and moderately enhancing in CT images
(C, D). L, left; R, right.
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lymphosarcoma, plasmacytoma, or inflammatory granuloma
couldnotbe ruledout.1,6,16Surgical exploration, attempting to
excise the lesion, was proposed and executed as follows:
after routine premedication and in general anaesthesia, the
dog was positioned in sternal recumbency. Anaesthesia was
maintained with isoflurane (Isoflo, Ecuphar Italia S.r.l., Milan,
Italy) in oxygen and fentanyl (Fentadon, Dechra Veterinary
Products S.r.l., Turin, Italy) in constant rate infusion.

A dorsal T7-T8 laminectomy was performed,17 involving
the removal of the spinous process of T7, the dorsal lamina,
and caudal articular processes, while cranial articular pro-
cesses were preserved (►Fig. 2). After sufficient exposure of
the vertebral canal, a reddish-grey soft tissue mass was
found. The mass had a smooth surface and was loosely
attached to the dura mater with thin connective tissue
strands. The spinal cord, as far as visible without durotomy,
had a normal appearance, and no haemorrhages were seen.
By gentle blunt dissection, themass could be excised entirely,
avoiding damage to the duramater; no unusual bleeding was
encountered, but preventively, a gelatine sponge (GELITA-
SPON, Gelita Medical) was placed on the spinal cord. To
manage any residual vertebral instability, a figure-eight
cerclage wire (Ø1.2mm, Alcyon Italia S.P.A.) was placed
between the spinous processes of T6 and T8. Reconstruction
of paraspinal musculature, fascia, subcutaneous tissues, and
the skin was made in routine fashion.

Postoperative care consisted of carprofen (4mg/kg q24h
SC, Rimadyl, Zoetis Italia S.r.l., Rome, Italy) and ceftriaxone
(25mg/kg q12h PO,Mylan Italia S.r.l., Milan, Italy)medication.
The patient was ambulatorywithin 24hours after surgery and
was discharged after 3 days, exhibiting only mild ataxia.

For histologic examination, the excised tissue was rou-
tinely processed for paraffin sections (4 µm) and stainedwith
haematoxylin and eosin, Masson’s trichrome, and Van Gie-
son. Histopathological examination revealed a hypercellular,
unencapsulated mass, featuring a population of densely
packed spindle-shaped cells, characterized by thin and eo-
sinophilic cytoplasm, atypical plump, ovoid, single, or mul-
tiple nuclei, and prominent nucleoli (►Fig. 3). The
predominant pattern consisted of areas of interwoven bun-
dles, streams, or concentric whorls. Moderate cellular pleo-
morphism and anisokaryosis were observed, but mitotic
figures were infrequent (� 0–1 in 10 fields at high power

magnification). Infiltrate characterized by lymphocytes,
plasma cells, histiocytoid cells, and rare macrophages was
noted. Van Gieson and Masson’s trichrome stain showed
scattered stroma and fine delicate collagen fibres in few
areas of the tumour. For further tumour typing, immuno-
chemistry was performed using a polyclonal antibody
against laminin, S-100 protein, vimentin, and glial fibrillar
acid protein (GFAP). Immunohistochemistry revealed that
the neoplasm was immunoreactive for vimentin, GFAP, and
S100 protein. Furthermore, we performed immunohis-
tochemistry using an anti-laminin antibody, and did not
observe immunopositivity for this antibody. Immunoreac-
tivity against those markers was consistent with a benign
PNST.

At 1 week after surgery, there was complete remission of
neurological signs, and at 1, 3, 6, and 9months follow-up, the
absence of any neurologic deficits confirmed full recovery.
However, a 13-month follow-up by CT scan (►Figs. 4–5)
revealed in the identical localization a small, round-shaped
ED lesion within the vertebral canal, moderately enhancing
by contrast medium. No compression on the dural sac and no
further alterations of the spinal cord and vertebralmetamere
were noted. These imaging findings were suggestive of scar
tissue resulting from surgery, forasmuch as no neurological
signs recurred.

At the time of writing, 18 months after surgery, the dog is
free of any neurological and/or clinical signs.

Discussion

The PNSTs are a heterogeneous group of neoplasms that may
originate fromSchwann cells or related cells of the perineural
sheath (schwannomas and perineuriomas) or from a combi-
nation of endoneurial, epineurial, or stromal fibroblasts
(neurofibromas and MPNSTs).3,7 Difficulties in histologic
differentiation and the overlapping biological behaviour
summarize these tumours in the general definition of
PNSTs.3,18

Peripheral nerve sheath tumours develop mainly from
peripheral nerves, but they may extend along the nerve
roots through the intervertebral foramen developing an EM
component or may even involve the spinal cord’s grey
matter (e.g. as dumbbell tumours).3,19,20 Nevertheless,

Fig. 2 Intraspinal extradural mass (white arrowhead) at the T7 level during (A) and after removal (B) using a T7-T8 dorsal laminectomy. White X:
T6 spinal process.
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primary intraspinal–extradural PNSTs have been reported
in dogs.1,6,20 In people, tumours with an extraforaminal
component seem to decrease in frequency from the upper
to the lower region of the spine. An explanation could be
relatable to the anatomic features of nerve roots that arise
from the spinal cord at a nearly right angle in the cervical
vertebrae and at more acute angles in the lower spinal tract,
running longer distances within the vertebral canal to reach
the intervertebral foramina.21 To the authors’ knowledge,
this is the first description in the dog of an ED PNST with
well-defined margins, located at T7-T8 level, and without
any involvement of osseous vertebral structures and inter-

vertebral foramina. Also, as previously reported, the median
age of dogs with PNSTs was 7.7 years.1,7 Therefore, our 2-
year-old patient was relatively young compared with pre-
vious reports. Neither gender nor breed predilection has
been demonstrated.1,5 Clinical signs are mainly related to
the anatomical location and progressive spinal cord com-
pression, consistent with the clinical presentation of our
case.6

The PNSTs are slow-growing, locally invasive and have a
low rate of metastasis.1 Nevertheless, a recent study on
canine soft-tissue sarcomas reported an 11.1% (27/242 cases)
frequency of metastasis of PNST.22 In general, lungs and

Fig. 4 Transverse computed tomographic images, obtained 13 months after surgery, at the level of the caudal end of the T7 body, before
(A) and after (B) the contrast-medium administration (WW: 360, WL: 60). In the vertebral canal, under the T7 right caudal articular
process (asterisk) a small lesion with slight contrast enhancement (arrow) is visible. L, left; R, right.

Fig. 3 Histopathological examination of the resected thoracic mass in �20 magnification (A) and �40 magnification (B). The tumour is
composed of a cell population organized in densely packed spindle-shaped cells. The predominant pattern consisted of areas of interwoven
bundles, streams or concentric whorls. Tumour cells present uniformly intense immunopositivity for vimentin protein (C), S100 protein (D) and
glial fibrillar acid protein (E) (�40).
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regional lymph nodes are the most common site for metas-
tasis of soft tissue sarcomas23; there was no metastasis
detectable in the present case. As for all neoplasms, early
recognition is essential in PNSTs as well. Diagnosis often
requires advanced imaging techniques,16,24 such as CT and
MRI. The PNST of this report had on MRI an appearance
similar to cases described before but showed some unusual
characteristics, such as being ED and located in the mid-
thoracic spinal region, entirely within the vertebral canal.

Complete surgical excision of PNSTs is associated with
significantly improved survival in both animal and human
patients.1,5,6 The final prognosis depends upon the degree of
local resection, degree of spinal infiltration, direct damage to
the spinal cord by the lesion itself or during surgical manip-
ulation, surgeon’s experience, and tumour type.6 Extradural
tumours are removed by laminectomy, either dorsal or by
hemilaminectomy, via blunt or sharp dissection. General
surgical oncologic principles, like wide surgical margins,
are often not feasible in neurosurgical oncology because of
the obvious vital nature of the surrounding nervous sys-
tem.1,5 The ‘en bloc’ resection reduces the risk of local
recurrence and results in prolonged survival; on the con-
trary, incomplete resection resulted in tumour recurrence
and fatal outcome.9 Local excision was performed, but wide
surgical margins obviously were not achievable in our case.

The beneficial effect of SRT in terms of survival is
reported,1,10,13 despite additional survival time was noted
only adding SRT when recurrence was noted.1,25 Therefore,
surgery remains the treatment of choice.1Despite aggressive
and timely management, the overall prognosis is considered
poor for most cases of PNSTs. In several cases, dogs were
euthanatized because of worsening of clinical signs or in
instances because of owner’s decision not to treat.3,5,7,20,26

Furthermore, survival time for PNSTs managed surgically
ranged from 10 days to 18 months with a median survival
time of 5 months,5 and in a recent retrospective multicentre
case series, median survival time was 187 days (6.2
months).1 However, comparison of survival time after sur-
gery is difficult because in these reports, several cases of
recurrence were treated with SRT.1 Nevertheless, these
reports are similar to what was previously described for 12

cases of spinal PNSTs with a median survival time of
180 days.27 Conversely, dogs that underwent hemilaminec-
tomy with rhizotomy for PNST survived for only 2 or
3 months, according to another recent report.6 Inconsistent
data exist on recurrence of spinal PNST. One study reported a
median relapse-free interval of 108 days postoperatively in 7
of 13 dogs treated with surgery alone.1 Another study on 23
dogs showed recurrence at 1 month (0–14 months)5; con-
versely, recurrence was noted at 7 months after surgery in
two recent case reports.14,19 Our patient did not show
recurrence of clinical signs within 18 months (540 days)
after treatment, and the absence of local recurrence seemed
to be confirmed by the CT scan 13 months (390 days) after
surgery.

Macroscopical and histological features of the mass de-
scribed reflect what was previously reported.6,7,20,24 The
diagnosis of PNST in our case was confirmed by histopatho-
logical examination and immunohistochemical labelling.
Immunohistochemistry revealed that the neoplasm was
immunoreactive for vimentin, GFAP, and S-100 protein but
was immunonegative for anti-laminin antibody. In a previ-
ous study, only 33.3% of PNSTs had positive immunoreactivi-
ty against this marker.28 The positive result for vimentin
confirmed that the tumour was of mesenchymal origin,
while meningioma, fibrosarcoma, and lymphosarcoma
were excluded by the positive reaction to S-100. Moreover,
a positive result for GFAP and the low number of mitotic
figures were consistent with benign behaviour.29 Fibrous
meningiomas may resemble schwannomas, and the whorl
formation in transitional meningiomas can mimic that of
schwannomas. However, meningiomas are S-100 negative
and can be distinguished ultrastructurally by their charac-
teristic interdigitating cellular processes, prominent desmo-
somal and gap junctions, and lack of a basal lamina.30

Although rhabdomyosarcomas and hemangiopericytomas
can be positive to S-100, they show only focal immunoreac-
tivity for S-100 and usually involve less than 20% of the
cells.29

This case represents, to the best of our knowledge, thefirst
report in a dog with a primary ED PNST in the T7-T8 location;
also, the dog was much younger than others with spinal

Fig. 5 Right sagittal multiplanar reconstructed images of the thoracic spine (from T5 to T9), before (A) and after (B) the contrast-medium
administration (WW: 360, WL: 60), obtained 13 months after surgery. In the vertebral canal, under the T7 caudal articular process (asterisk), a
small, rounded lesion with a slight contrast enhancement (arrow) is visible.
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PNSTs reported so far, was successfully treated by surgical
excision alone and had a relapse-free outcome of at least
18 months.

Peripheral nerve sheath tumours should be considered in
the differential diagnosis of dogs showing an intraspinal ED
masswithout any signs of extension through a neuroforamen
on advanced imaging.
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