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MISCELLANEOUS SPINAL
CORD DISEASES

DIAGNOSTIC EVALUATION
SPINAL CORD DISEASES
Infectious Inflammatory Diseases

Spinal Trauma

Spinal cord diseases in cats vary in the severity and in pro-
gression of neurological dysfunction. Diagnosis of spinal cord
disease in cats can be a challenge. Clinical signs often are vague
and insidious. Advanced imaging techniques have improved
diagnostic capabilities and recognition of new disorders. Infec-
tious inflammatory disease is the most common categorical dif-
ferential diagnosis in cats with spinal cord dysfunction. Other
common disease categories include neoplasms, trauma, and
degenerative disorders.' Veterinarians must think beyond the
more common differential diagnoses to consider unusual dis-
eases and different diagnostic approaches. This chapter empha-
sizes newly recognized spinal cord diseases and provides a
review of the current literature.

DIAGNOSTIC EVALUATION

Signs of neurological dysfunction dictate the neuroanatomical
localization of a lesion within the spinal cord. Spinal reflexes
and paraspinal hyperesthesia assist with lesion localization.
Localization is specified to the spinal cord regions C1-C5,
C6-T2, T3-L3, and L4-S2, based on upper motor neuron or
lower motor neuron signs of limb weakness. Cats with spinal
cord compressive disease or meningomyelitis often exhibit
paraspinal hyperesthesia. Pathology of the spinal cord tissue
itself usually does not have hyperesthesia as a clinical sign.
Orthopedic, polyneuropathic, myopathic, and neuromuscular
junction disorders can mimic signs of spinal cord dysfunction.
Careful interpretation of the neurological examination differ-
entiates among these disorders (see Chapter 49).

Signalment and history aid in formulation of a list of prob-
able differential diagnoses. Young cats are more likely to be
diagnosed with feline infectious peritonitis (FIP), lymphosar-
coma, or a congenital anomaly. Middle-age and older cats may
be diagnosed with nonlymphoid neoplasia or intervertebral disc
disease. History is important for determining temporal onset
(acute, insidious, or episodic) and progression (rapid, gradual,
or static). Trauma, vascular insults, and some inflammatory and
neoplastic diseases present acute in onset.

Cats with spinal cord dysfunction require thorough physical
examination and routine laboratory diagnostic testing. Other
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disorders that cause paresis can mimic spinal cord disease; for
example, neuropathy, myopathy, junctionopathy, polyarthropa-
thy, and cardiovascular disease. Routine laboratory testing con-
sists of a complete blood count (CBC), serum chemistry profile
to include creatine phosphokinase (CK) enzyme activity, and
urinalysis. Evaluation of CK activity aids in identification of
a myopathy, which can mimic spinal cord dysfunction. Patient
infection with feline immunodeficiency virus (FIV) or feline
leukemia virus (FeLV) must be identified. Additional serology
for infectious disease is dependent on suspicion of other
diseases.

Survey radiography of the spine is recommended for cats
with spinal cord dysfunction. Sedation or general anesthesia
often is necessary to allow for proper patient positioning and
relaxation of the spine. Some findings are nonspecific, but dis-
cospondylitis, vertebral tumors, or spinal trauma usually have
more obvious radiographic abnormalities. Orthogonal or mul-
tiple views are recommended strongly, because a single view
may not always provide complete information about the extent
of the lesion (Figure 51-1).

Myelography consists of injection of a nonionic contrast
medium (0.3 to 0.45 ml/kg of iohexol [240 mg/ml] or iopami-
dol [200 mg/ml]) into the subarachnoid space of the low lumbar
spine (L6-L7 or L5-L6) or the cerebellomedullary cistern.
Myelography is an imaging technique used commonly to
identify the location and extent of spinal cord compression.’
Additional information may be used when combining the
myelographic findings with computed tomography (CT). Mag-
netic resonance imaging also is a more sensitive technique for
evaluation of the spinal cord tissue.

Cerebrospinal fluid (CSF) analysis is useful for detection of
evidence of spinal cord disease, particularly when an inflam-
matory disorder is suspected. However, in most cases, a defin-
itive diagnosis is not provided by CSF analysis alone, even in
cats with overt CNS inflammatory disease.’ Exceptions include
finding the inciting organism in the CSF (e.g., Cryptococcus
neoformans) or identifying neoplastic cells (e.g., lymphosar-
coma).® Collection of fluid from the lumbar region may be
preferable, because CSF flows in a caudal direction.* Additional
diagnostic procedures include electrophysiology, CSF protein
electrophoresis, serology, and exploratory surgery.
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Figure 51-1. A, A lateral survey spinal radiograph of a mild subluxation
of L4. B, A ventrodorsal spinal radiograph with more severe evidence of
luxation in the same cat. This cat did not have deep pain perception.

SPINAL CORD DISEASES
Infectious Inflammatory Diseases

Infectious inflammatory diseases account for 31 per cent of all
feline spinal cord diseases.! Common infectious inflammatory
spinal cord diseases include FIP, cryptococcosis, FeLV infec-
tion, and toxoplasmosis.

Bacterial Diseases

Approximately 15 per cent of cases of meningomyelitis in cats
are bacterial or suspected to be bacterial in origin.! Bacterial
infections may occur secondary to hematogenous spread or,
more likely, as a result of direct extension of a local wound
(e.g., cat bite abscess).” Pasteurella spp. and Staphylococcus
spp. are common pathogens. Discospondylitis often is caused
by a bacterial infection and involves the intervertebral disc and

associated vertebral endplates. Discospondylitis has been
reported infrequently in cats and, if not treated appropriately,
may progress to severe neurological dysfunction.®’ Polio-
encephalomyelitis, an inflammatory disease of unknown cause,
is associated with 8 per cent of cases of feline spinal cord
disease' and may present with clinical signs of paraparesis.’
Although not well described in the literature, eosinophilic/his-
tiocytic meningomyelitis accounted for 6 per cent of inflam-
matory spinal cord diseases in cats.'

Viral Diseases

FELINE IMMUNODEFICIENCY VIRUS. FIV has been
reported to cause a degenerative myelopathy that can be
detected histologically with changes including myelin sheath
splitting and intramyelinic vacuoles. Clinical signs of spinal
cord dysfunction are not evident in experimentally infected cats
or in cats with naturally occurring FIV infection.®

FELINE INFECTIOUS PERITONITIS

Presenting Signs and Pathogenesis. FIP accounts for more
than half of the infectious inflammatory causes of myelitis in
cats, and 16 per cent of all spinal cord diseases reported in cats.'
Clinical signs of FIP result from the immune response of
susceptible cats when infected by a mutant form of the
feline enteric coronavirus (FECV), which reproduces within
macrophages.”'” The dry, or noneffusive, form of the disease is
associated most commonly with CNS signs as opposed to the
“wet” or effusive form, which involves the visceral organs and
causes abdominal effusion. Pyogranulomatous inflammatory
lesions involve the meninges, choroid plexus, and ventricular
system. The immune response associated with FIP causes a vas-
culitis and an ependymitis that subsequently may obstruct flow
of CSE." Signs of systemic illness occur in approximately 79
per cent of cats with FIP." Typical signs include weight loss,
anorexia, intermittent fever, and ocular changes (anterior
uveitis or chorioretinitis).

About one third of cats with FIP have presenting clinical
signs of neurological dysfunction.'? Young, purebred, sexually
intact male cats are at a higher risk for developing FIP."* A
genetic susceptibility of about 50 per cent exists for develop-
ment of FIP.'” All cats in one study of patients with neurolog-
ical signs of FIP were from multiple-cat households.’ Although
younger cats are most susceptible to FIP infection, cats of any
age can develop the disease. In a case series of cats with spinal
cord-related signs, more than 75 per cent were younger than 2
years of age.'

Most cats with FIP have intracranial signs but often mani-
fest signs of spinal cord dysfunction: pelvic limb ataxia, gen-
eralized ataxia, and paraspinal hyperesthesia. In a small case
series of cats with confirmed FIP, four of 10 had paresis or
paralysis as the presenting clinical sign.'? Paresis was evident
in two of seven of these cats with diffuse FIP."? In another study,
28 of 29 cats with FIP had histological lesions that predomi-
nated in the cervical spinal cord and brain.'

Diagnosis. Antemortem diagnosis of FIP is difficult. Diag-
nosis is suspected based on assimilation of history, signalment,
hematology, and other supportive diagnostic tests that include
serology, CSF analysis, findings on imaging, and tissue biop-
sies. A typical history includes acquisition of the cat from a
cattery or shelter, and a fever that waxes and wanes and does
not improve with antibiotic therapy.'® Common hematological
and biochemistry abnormalities include neutrophilia or lym-



phopenia, low albumin with increased globulins, or a high
serum fibrinogen. "

Serological testing and polymerase chain reaction studies to
assess for viral load can be beneficial.'® Serology only confirms
exposure to feline coronavirus. Some cats with FIP may have
high antibody titers, but this is not absolute. A recent study of
histopathologically confirmed cases of FIP found that serolog-
ical testing provided further support for tissue biopsy proce-
dures." High antibody titers (1:1600) provide a 94 per cent
probability of active FIP infection.'* A titer that was positive
but below 1:1600 suggested only a 44 per cent probability that
cats had FIP." The titers in 10 per cent of cats with FIP were
negative, which suggests a compromised immune system."
Definitive diagnosis of FIP is made by histopathology of
abdominal organs obtained by tissue biopsy. Immunofluores-
cent assay/immunohistochemistry techniques can detect pres-
ence of coronavirus antigens within macrophages.'

Diagnostic evaluation of the CNS aids in an indirect diag-
nosis of FIP. Results of CSF analysis often reveal a marked
increase in protein concentration and a neutrophilic pleocyto-
sis.""!5 Comparisons of antibodies in serum and CSF may
provide additional information, but false negatives and false
positives are possible. Presence of antibodies in CSF must be
interpreted in light of blood-brain barrier breakdown. Adjunc-
tive comparison of other infectious disease antibody titers in
serum and CSF can assist with determination of intrathecal pro-
duction of antibodies.'® Common abnormalities on MRI and CT
include presence of hydrocephalus and periventricular contrast
enhancement. Overall the most consistent diagnostic findings
in cats with the CNS form of FIP include a positive coronavirus
IgG titer in CSF, a high serum total protein concentration, and
abnormalities in brain imaging.’

Treatment. No treatment has been proven effective for FIP,
and the long-term prognosis is poor.'® Overall mortality rate is
95 per cent.'” Supportive therapies consist of antiinflammatory
doses of prednisone (1 mg/kg/day PO) and immunomodulation
with cyclophosphamide or interferon. A recent report found use
of recombinant feline interferon combined with corticosteroids
more effective in cats with the effusive form than with the non-
effusive form (n = 1) of FIP.'® Other therapeutic recommenda-
tions include a diet with high nutritional value and stress
reduction."

Cryptococcosis

Presenting Signs and Pathogenesis. Cryptococcus neofor-
mans is a saprophytic fungal organism that can cause systemic
or focal disease. Transmission occurs through inhalation of the
organism that lives in the soil or bird excrements. CNS signs
are reflective of meningitis or focal granuloma formation
within the brain parenchyma. Fungal masses within the
extradural space cause secondary compression (Figure 51-2)."
Cryptococcal infection can cause focal spinal cord disease in
some cats. The mean age for cats infected with Cryptococcus
is 6 years; however, the age range can vary.'®'* Approximately
58 per cent of cats diagnosed with Cryptococcus spp. were con-
sidered primarily outdoor cats.'®

Systemic signs are variable and commonly include depres-
sion/lethargy, fever, poor body condition, or anorexia.'® In one
case series, approximately 50 per cent of the cats with crypto-
coccosis had CNS signs, 42 per cent had ocular signs, and 32
per cent had respiratory signs.'® Cutaneous lesions also can
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Figure 51-2. Cryptococcus neoformans infection can cause focal spinal
cord disease in cats. This picture depicts a fungal granuloma present on
the spinal cord.

occur. Another case series reported that only 9 per cent of cats
showed signs of neurological dysfunction. In this series, nasal
signs were more common.'® Clinical signs of spinal cord dys-
function, including paraspinal hyperesthesia and paresis, have
been reported in at least one case series.'® C. neoformans
accounted for 9 per cent of infectious causes of spinal cord
disease in cats.'

Diagnosis. CSF analysis is one of the most useful diagnos-
tic tests in cats with CNS cryptococcosis. Neutrophilic and
eosinophilic pleocytosis often are present. In some cases, the
organism is identified. Diagnosis also is based on detection of
capsular antigen using a latex agglutination test in serum and
CSF. Cats with focal granulomas in the CNS may have nega-
tive antigen titers.'” Latex agglutination tests can have false-
negative results (or interference), which makes definitive
diagnosis difficult.’”® In these cases, cultures, cytology, or
histopathology of other tissues, such as skin, may be necessary.
Also important is documentation of the FeLV and FIV status
of cats with cryptococcosis, because concurrent infection may
be common.'® Additionally, cats with other concurrent viral
infections tend to have a higher incidence of treatment failure.”

Treatment. Treatment of CNS cryptococcosis consists of
long-term administration of systemic antifungal agents. Itra-
conazole and fluconazole are considered the drugs of choice.
Fluconazole (5 to 15 mg/kg PO ql2h) is recommended,
because it crosses the blood-brain barrier readily and has high
lipid solubility. Duration of treatment ranges from 6 to 10
months; however, a longer duration may be required to prevent
relapse.?'** Antiinflammatory doses of corticosteroids help to
decrease the inflammation and edema that can worsen neuro-
logical signs during treatment. Therapeutic monitoring is based
on clinical response and serial serum antigen titers. Antigen
titers often remain positive for a considerable period of time
after clinical signs have resolved.' Cats that have a reduction
in antigen titer during the course of treatment have a better
prognosis.”® Surgical removal of a fungal granuloma may be
considered in conjunction with antifungal therapy."’

Toxoplasmosis

Presenting Signs and Pathogenesis. Toxoplasma gondii is an
infrequent cause of spinal cord disease in cats; it was reported
as the cause for only 3 per cent of all infectious diseases re-
sulting in spinal cord dysfunction." T. gondii is a protozoal
coccidian parasite for which cats are the definitive host.
Transmission occurs congenitally through the placenta from an
infected queen or more commonly by ingesting the organism.
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Healthy cats may be positive on serology but rarely develop
clinical disease. Predisposing factors for clinical disease
include immunosuppression as a result of FIV and/or FeLV
infection, administration of corticosteroids or chemotherapy,
and diabetes mellitus. Toxoplasmosis causes a nonsuppurative
meningoencephalomyelitis. The organism also may infect
muscle and peripheral nerves.’ Systemic signs include
anorexia, weight loss, fever, and pneumonia.

Diagnosis. Definitive diagnosis of toxoplasmosis is difficult.
A suspected diagnosis is based on clinical signs, the exclusion
of other CNS diseases, serology, and response to treatment."
The amount of CSF pleocytosis is variable, and the cellular
differential count usually consists of mononuclear cells. Albu-
minocytologic dissociation may be the only abnormality. 7.
gondii—specific IgG and IgM can be assayed in serum and CSF.
Paired titer evaluations may detect an increase in serum IgG;
however, the disease course still may be static." An IgM titer
greater than 1:256 may indicate an active or recent infection.
Antibodies in CSF are compared with serum antibody titers for
accurate interpretation of blood contamination and intrathecal
antibody production. A definitive diagnosis is made by detect-
ing the organism in a tissue biopsy.

Clindamycin (12.5 mg/kg PO q12h for 4 weeks) is recom-
mended for treatment of CNS toxoplasmosis.”* An alternative
drug therapy is trimethoprim-sulfonamide (15 mg/kg PO
q12h).>* One author reported a fair to good outcome in three
cats treated for Toxoplasma-induced myelitis.” Clinical signs
can be residual and response to therapy may be slow.'

FeLV Myelopathy

Clinical Presentation and Pathogenesis. Feline leukemia
virus, an oncogenic retrovirus, can cause spinal cord dysfunc-
tion. FeLV can cause myelopathy by indirect and direct patho-
genic mechanisms. FeLLV can predispose to the spinal form
of lymphoma indirectly or cause a degenerative myelopathy
directly. FeL.V-associated myelopathy reflects primary pathol-
ogy within the spinal cord.”* Light microscopic examination
revealed swollen axons and myelin sheaths in the brain stem
and spinal cord of affected cats. Immunohistochemical staining
revealed FeLV antigens in neural tissue. A previously reported
case of degenerative myelopathy in a FeLLV-positive cat may
have been Fel.V-associated myelopathy.*

This disease is associated with chronic infection with FeLV.
CNS signs develop on average 3 years after the first positive
FeLV test.** Mean age of affected cats is 9 years.** Signs of
FeLV-associated myelopathy include progressive ataxia and
hyperesthesia, and paralysis develops within | year after onset
of paraparesis.”* Urinary incontinence occurs in a small per-
centage of cats.

Diagnosis and Treatment. A suspected antemortem diagno-
sis is based on ruling out other diseases. Positive FeLV tests
should heighten suspicion for this disease. CSF analysis usually
is not helpful.** Advance imaging studies have not been evalu-
ated in cats with FeL.V-associated myelopathy. Myelography is
normal. No treatment options have been described.

Neoplastic Disease

Neoplasia is a common cause of spinal cord dysfunction in cats.
With regard to relative incidence in one case series, neoplasia
affected 28 per cent of cats diagnosed with spinal cord dys-

function.! Lymphosarcoma made up 38 per cent of neoplasia-
related spinal cord cases; however, this disease is becoming less
common with the reduction in incidence of FeLV infection.!?%?’

Lymphosarcoma

Presenting Clinical Signs and Pathogenesis. Spinal lym-
phoma historically has been the most common cause of spinal
cord neoplasms in cats. CNS lymphoma accounted for 12.1 per
cent of all cases of lymphoma and, of these cases, 88 per cent
had spinal cord involvement.”® The disease is especially
common in young FeL.V-infected cats, with a mean age reported
between 3.6 and 4 years.”™®” Cats younger than 3 years of age
make up approximately 70 per cent of the cases.

Clinical signs associated with spinal lymphoma may be
associated with a focal myelopathy that can occur in any region
of the spinal cord. Paresis has been reported in approximately
80 per cent of cats with spinal lymphoma.”* Evidence of
spinal hyperesthesia may be focal or multifocal with more
extensive distribution.”

The disease course can be rapidly progressive, with some
cats showing signs for a week or less.”®* Neurological signs
are related to the location of the lymphoma. Although lym-
phosarcoma generally is a multicentric disease, more than 85
per cent of cats with CNS involvement lack systemic signs or
hematological changes.” Renal lymphoma is likely to metas-
tasize to the CNS.

Diagnosis. Evidence for systemic disease on physical exam-
ination includes enlargement of lymph nodes and abdominal
organs. A CBC may show anemia, leukopenia, and thrombo-
cytopenia. Circulating lymphoblasts may be present on a dif-
ferential white blood cell count. A positive correlation between
serological testing and spinal lymphoma has been reported.?**
The safest and most reliable method of obtaining a diagnosis
of CNS lymphoma is confirmation of the presence of lym-
phoma in other visceral organs. Bone marrow aspiration
may be diagnostic for neoplasia in up to 81 per cent of cases
with this disease.”” CSF analysis is not always diagnostic for
lymphosarcoma because of its extradural location. One case
series reported that 6 of 17 cats had neoplastic lymphocytes
in the CSE*® Myelography can determine lesion extent and
detect presence of extradural, intradural-extramedullary, or
intramedullary involvement. An extradural lesion is the most
common myelographic finding. Fluoroscopic aspiration and
cytology may allow definitive diagnosis of the spinal lesion.”
MRI may detect intramedullary lesions.

Treatment. Positive FeLV status in cats has been shown to
be a negative prognostic indicator for spinal lymphoma.*® The
prognosis for cats with paresis or paraplegia is considered poor.
Treatment options for spinal lymphoma consist of chemother-
apy, surgical resection, and focal irradiation.® No superior
treatment strategy for chemotherapy has been documented.
Currently, multidrug protocols are advocated.””* A laminec-
tomy procedure facilitates diagnosis and decompression until
other therapies can take effect.

Nonlymphoid Neoplasia

Clinical Presentation and Pathogenesis. Nonlymphoid
tumors involving the spinal cord are less common in cats.
Tumors may be categorized based on expected locations:
intramedullary, extramedullary/intradural, and extradural.



Intramedullary tumors are considered uncommon and make
up 10 per cent of all reported spinal cord neoplasms in cats.'
Documented tumors include astrocytoma and ependymoma.***
Intradural/extramedullary tumors make up 12 per cent of spinal
neoplasia cases and include meningiomas, meningeal sarco-
mas, and malignant nerve sheath tumors.' Feline meningiomas
usually occur rostral to the foramen magnum; only 4 per cent
of meningiomas found in cats affected the spinal cord.* Levy,
Mauldin, Kapatkin, et al reported five cases of spinal menin-
giomas in cats: one in the cervical region, three in the thoracic
spine, and one in the lumbar spine.’® Another case report
described a meningioma affecting the spinal cord at the C6-C7
spinal cord segment.”

Extradural spinal cord compression can result from spinal
canal masses or tumors of the surrounding bone and vertebrae.
These make up about 40 per cent of spinal cord—associated
neoplasms in cats, with vertebral and bone tumors accounting
specifically for 29 per cent of all spinal tumors." Reported
tumor types include chondrosarcoma, lipoma, osteosarcoma,
and multiple myeloma.*® Nonlymphoid spinal neoplasia typi-
cally occurs in older cats, with a median age of 12 years in one
case series.”® These tumors are not associated with FeLV or FIV
infection.

Clinical signs of myelopathy are dependent on tumor loca-
tion. Focal pain and paresis are most typical. Intramedullary
neoplasms usually do not cause spinal hyperesthesia until later
in the disease course. The clinical course of spinal neoplasms
also varies. Chronic progressive spinal dysfunction may be
expected; however, peracute signs (e.g., pathological vertebral
fracture) may present (Figure 51-3).

Diagnosis. The process of diagnosis of nonlymphoid tumors
begins with survey spinal radiographs. Evidence of bony
lesions can be evident in osteosarcoma and multiple myeloma.
Myelography determines extent and location of spinal involve-
ment. Advanced imaging (CT and MRI) may assist further with
determination of lesion extent. Findings on CSF analysis often
are nonspecific. Fluoroscopic aspiration or surgical biopsy may
yield a definitive diagnosis.

Treatment. Specific treatment regimens are based on
histopathological diagnosis of the tumor. Treatment often
consists of palliative corticosteroids (i.e., prednisone 0.5 to
1 mg/kg/day PO) to control edema, and pain management.
Surgical removal/debulking of various tumor types has been
described and may improve survival times.*® A reasonable sur-
vival time can be expected for cats with meningiomas after sur-
gical resection.”® Osteosarcomas may be associated with long
survival times and appear to be less aggressive than the canine
form of this disease.*® A treatment regimen reported for multi-
ple myeloma in a Maine coon cat 6 years of age consisted of a
combination of chemotherapy and irradiation.*’

Spinal Trauma

Clinical Presentation and Pathophysiology. Spinal trauma is
an important cause of spinal cord dysfunction in cats. Cats have
been the subject of multiple laboratory studies of spinal cord
injury.®®* Information learned from this research must be
interpreted from the standpoint that the mechanism of spinal
cord trauma is controlled in the laboratory environment. Natu-
rally occurring spinal trauma in cats is not a well-described
phenomenon because cats often do not survive the inciting
incident.
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Figure 51-3. Reconstructed CT images of an osteosarcoma involving the
vertebral body of L2 from a 9-year-old spayed female domestic shorthair
cat. A, Three-dimensional reconstruction. B, Dorsal planar view of a two-
dimensional reconstruction. The mass was removed surgically and the cat
lived for an additional 2 years before the mass recurred. (Images courtesy
Jeryl Jones, Virginia-Maryland Regional College of Veterinary Medicine,
Blacksburg, Virginia.)

Spinal injury occurs more frequently in younger cats. Cats
(n = 69) in a retrospective study of spinal injury were 9 years
of age or younger; 39 per cent were younger than 1 year of age,
and 29 per cent were between 1 and 3 years of age.” The mean
age of another study of 30 cats was 3.6 years (range 2 months
to 12 years).*

Common causes of spinal trauma are height-related and
vehicular injuries. In a large report of high-rise syndrome in
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cats, 10 per cent sustained spinal fractures or luxations.*” Other
sources of trauma include dog attacks and gunshot wounds.**®
Compression-type fractures occur in more than two thirds of
the cases with spinal fractures.* Twenty per cent of cats with
spinal injuries also have acute disc extrusions secondary to the
trauma.*® Spinal cord contusion injury without evidence of frac-
tures also may occur after a fall.*® Other injuries that occur in
conjunction with spinal trauma include pneumothorax, pul-
monary contusions, abdominal organ trauma, and head trauma.

Although all segments of the spine are susceptible to trauma,
the cervical and sacral/caudal regions are much less likely to
sustain injury. The thoracic and lumbar regions make up 51 per
cent and 32 per cent of spinal column injuries, respectively.*’
Traditionally, the most likely location for spinal column injury
is at a site characterized by a transition from rigid stability to
less stability, such as T13-L1 or L7-S1. This was challenged
recently in a larger study consisting of 69 cats, in which 51 per
cent of the spinal trauma cases occurred between T8 and T12.*
The segments between L2-L.3 and L4-L5 also were significant
sites in 43 per cent of the cases. The T11 through T12 verte-
brae have been reported to be affected in 45 per cent of spinal
injuries in cats.*® A case series reported by Voss showed that 50
per cent of spinal fractures were located between the L3 and
L6 vertebrae.*

Diagnosis. In cases of suspected spinal injury, the neuro-
logical examination is performed with caution to minimize
movement of the cat with suspected spinal instability. Evalua-
tion of deep pain perception is most important with regard to
determining prognosis.

Spinal radiography using orthogonal views should localize
the lesion. Radiography documents spinal alignment during
that time without knowledge of the amount of displacement at
the time of the injury. The entire spine should be radiographed,
because multiple spinal fractures are common. Advanced
imaging of the spine has been recommended because plain film
radiography and myelography may underestimate the degree of
fractures or luxations present.”® Myelography or MRI defines
the extent of spinal cord compression more accurately.*®

Treatment. Goals of therapy are to prevent further mechan-
ical damage to the spinal cord and reduce secondary injury
processes. Treatment recommendations often are adapted from
laboratory studies that involve species other than cats. Drawing
firm conclusions for optimal treatment of spinal trauma in cats
is difficult.

Management of a cat with spinal trauma should focus first
on systemic stabilization. Management consists of following
the ABCs of trauma. Airway is assessed for patency and ade-
quate ventilation. Appropriate fluid therapy helps to maintain
cardiovascular function. Aggressive fluid therapy is important
to maintain spinal cord perfusion.”” Hypotension is one factor
shown to worsen outcome in human beings with spinal cord
injury. Isotonic crystalloids (lactated Ringer’s solution or 0.9
per cent sodium chloride) at shock doses, initially (60 ml/kg/hr
IV in cats) are given to effect until heart rate, capillary refill
time, and pulse quality improve. Hetastarch (6 per cent) is a
large molecular weight colloid that consists of a branched poly-
saccharide, amylopectin. Its molecular properties provide a
long intravascular half-life. The dose is 10 to 20 ml/kg given
to effect up to 40 ml/kg/hr. Hetastarch is administered intra-
venously to cats to effect up to 10 to 15 ml/kg; the dose is
increased in 5 ml/kg increments every 5 to 10 minutes to avoid
nausea and vomiting. Hypertonic saline (7 per cent) also may

be used to expand blood volume quickly. The dose (4 to
5 ml/kg) is administered as an intravenous bolus over 3 to
5 minutes. The disadvantage associated with the use of hyper-
tonic saline is that it remains in the vascular space for only 15
to 60 minutes. Blood products also are used to expand volume
and provide increased oxygen delivery. Whole blood is admin-
istered intravenously at a dose of 4 to 10 ml/kg/hr, over 4 to 6
hours in stable patients and faster in unstable patients. The goal
is to restore the hematocrit to 25 to 30 per cent and albumin to
more than 2 g/dL.

Use of high-dose methylprednisolone sodium succinate
(MPSS) is becoming more controversial but is still considered
standard of care in human medicine. Experimental spinal cord
injury studies in cats have shown that increased lactate levels
in spinal cord immediately after injury most likely were attrib-
uted to decreased spinal cord perfusion.*’ High doses of MPSS
30 minutes after induced trauma attenuated the secondary
injury process dramatically. The intent of high-dose MPSS is
to provide adequate tissue concentrations of steroid at the site
of injury. The original dose for this regimen was 30 mg/kg IV
initially, then a dose of 15 mg/kg given 2 and 6 hours later, fol-
lowed immediately by a 2.5 mg/kg/hr infusion, which is con-
tinued for 42 hours. The total dose of MPSS administered is
165 mg/kg.* Recent prospective clinical studies that have used
modifications of this protocol have come under intense scrutiny
for various reasons, including statistical manipulation, lack of
proven efficacy, and increased rates of complications in human
beings and dogs.”™** Administration of MPSS is time depen-
dent and has shown efficacy if administered within 30 minutes
of the injury.” Use of high-dose MPSS is not recommended for
administration if the time has been longer than 8 hours after
sustaining the injury.

Supportive medical management alone is useful if spinal
instability is not detected or when there is financial con-
straint.’®**” Cats may not tolerate body splints.* Strict cage con-
finement is relied upon for 4 to 6 weeks after the injury to
initiate the healing process.*®

Surgical Management. Surgical management of spinal
trauma is recommended in cases of instability or severe spinal
cord compression.*® The timing of surgery relative to the injury
is somewhat controversial; however, adequate medical stabi-
lization before surgery is essential. Early decompression has
been supported in the laboratory setting in cats, but the optimal
time to perform surgery still is unknown.*® Immediate surgical
decompression of the affected site is a controversial subject
in human spinal trauma, and some studies have not shown a
benefit to early surgery.**®!

The technique of surgical stabilization depends somewhat
on the fracture type. Decompression alone may be sufficient in
some cases in which instability is not present.” Decompression
was needed in cats that sustained displacement of the interver-
tebral disc or endplate into the spinal canal.” A dorsal laminec-
tomy, preserving the articular processes, suffices for adequate
decompression.

Common techniques of internal spinal fixation/stabilization
include the use of pins with polymethylmethacrylate and spinal
stapling. Spinal stapling involves the wuse of rigid
intramedullary pins that are secured to the spine after reduction
of the fracture/luxation. Intramedullary pins are secured to the
lamina at the base of the spinous process (Figure 51-4).* Spinal
stapling is considered technically easier to perform than other
described forms of internal stabilization. Limited information



Figure 51-4. A lateral radiograph of the lumbar spine demonstrating use
of spinal stapling in a cat with an L3-L4 vertebral subluxation.

is available for the long-term outcome. Problems associated
with this type of surgery include fragility of the spinous
processes and migration or breakdown of implants.** A recent
case series involving 16 cats with thoracolumbar trauma
described using a figure-8 tension band technique as a modifi-
cation of spinal stapling.*® Complications from this technique
were not observed.*

Successful use of pins and polymethylmethacrylate to sta-
bilize a lumbar fracture in a cat has been described.®® This form
of treatment provides significant stability, particularly for rota-
tional forces.** Optimal placement of pins within the vertebral
body may be difficult because of the small size of typical feline
vertebral bodies. Complications of this procedure include pin
migration, pin breakage, pneumothorax, and additional trauma
to soft tissue structures.

Outcome for cats with spinal trauma is guarded. Survival
rate in one study was only 60 per cent.* Cats that did not
survive were euthanized or died within 4 days of the injury.
Cats with spinal fractures and absence of deep pain perception
almost always have a hopeless prognosis. The return of motor
function does not equate necessarily with return of voluntary
urination.*®

Spinal Walking: from Laboratory to Clinics. Prognosis for
return of voluntary motor function in cases of absent deep pain
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perception generally is considered grave. However, the cat has
been the subject of extensive experimental work studying the
return of ambulation after spinalization, or complete transec-
tion of the spinal cord. “Spinal walking” is a clinical term used
for return of ambulation in an animal with no deep pain per-
ception in the pelvic limbs. In the laboratory setting, this phe-
nomenon is known as spinal locomotion. Pelvic limbs are under
no voluntary control, and the thoracic limbs move asynchro-
nously with the pelvic limbs when on a treadmill. Spinal loco-
motion may be evident within a few days of the injury.®® The
spinal cord generates this pattern of limb movement, which
allows for the placement each foot, weight-bearing, and
alterations of speed with change in treadmill velocity.”” The
animal also is capable of stepping over objects placed in its
way.®

Cats have been trained to develop spinal locomotion after
complete experimental spinal cord transection at T13. The
underlying mechanism may be the result of a spinal locomotor
generator.”® Spinal locomotion is dependent on the develop-
ment and preparation of a spinal locomotor pattern generator,
stimulation of cutaneous receptors, alterations of intraspinal
neurochemistry, and input from the midlumbar spinal cord.®
Plasticity occurs within the spinal cord as a result of training.
Lesion location within the spinal cord also can affect the ability
to walk; for example, a lesion at the L.3-L4 spinal segment is
not conducive to development of spinal locomotion.®

Spinal walking in a cat with a complete spinal cord injury
is much less likely to occur without training.”” Animals with
complete spinal cord transections and no training can begin to
take steps within weeks of the injury.”® Cats with naturally
occurring spinal trauma had a low success rate in development
of spinal locomotion after injury. Reasons for the low success
were attributed to less controlled spinal injury and inadequate
physical therapy/training. Training for 30 minutes daily 5 days
a week provides an 87 per cent success rate of weight-bearing
in the pelvic limbs.®® Without appropriate rehabilitation the rate
drops to 33 per cent.”

Variability exists among cats as to when walking movements
begin to occur.®® Repeated training of a cat by placing the tho-
racic limbs on a nonmoving platform and the pelvic limbs on
a treadmill resulted in better walking and weight-bearing ability
in the pelvic limbs.* This process involves the use of a tread-
mill, tail support, and various forms of stimulation.”” Cutaneous
stimulation is important for afferent sensory input. Younger
animals tend to have a better recovery rate for walking.® Train-
ing activities resulted in almost all cats regaining the ability to
walk. Early intensive training allowed for better walking.®
Spinal locomotion is maintained only for a finite period after
discontinuation of training activities and begins to show decline
after 12 weeks.”'

Long-Term Management of a Deep Pain—Negative Cat. Much
has been learned in cats after experimental spinal cord injury
regarding optimal medical management of deep pain—negative
cats.” Bladder expression is required at a minimum of twice
daily. Some cats urinate without expression, but the bladder is
not emptied completely. Stimulation of the perineum initiates
a mass reflex and partial emptying of the bladder.” Researchers
report that treadmill training also stimulates urination and defe-
cation in cats with complete spinal cord injuries.” Inadequate
emptying of the bladder predisposes to chronic urinary tract
infections™ (see Chapter 48). Suggestions for care to prevent
this problem include adequate bladder expression and water
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intake.”® Chronic bladder infections weaken the muscular wall,
further complicating manual emptying of the bladder.” Fecal
elimination usually can occur without assistance and is aided
by perineal stimulation.” Diarrhea and constipation still can
occur as complications.

Intervertebral Disc Disease

Clinical Presentation and Pathogenesis. Intervertebral disc
disease (IVDD) is recognized commonly in cats with approxi-
mately 27 published cases.”” Several case series have been
published in recent years.”*”™ The incidence of IVDD as a
significant clinical problem compared to other diseases that
affect cats has been reported to be 0.12 per cent.”

Earlier clinical reports of disc disease in cats were post-
mortem studies that described cervical and, to a lesser extent,
lumbar disc disease in older cats.”*™ These discs were mostly
Hansen type II, with bulging of the annulus fibrosus into the
spinal canal, and were described as incidental findings. Char-
acteristics of a degenerated intervertebral disc suggest some
degree of chondroid degeneration of the discs.”> More recent
literature describes Hansen type I, with extrusion of nucleus
pulposus into the spinal canal, and recognizes this type to be
the most common form of disc-related spinal cord compression
in cats.” IVDD also can occur spontaneously in cats having no
history of trauma.™

IVDD occurs more frequently in middle to older aged cats.
Mean age for all reported cases is 7 years.”” The age range
varies somewhat in different reports, between 3 and 9 years,”
and 4 and 17 years (mean age of 9.8).”* No gender or breed
predilections exist for IVDD in cats.

Clinical signs of disc disease vary on lesion location and in
severity and can consist of back pain and paresis/plegia. Lesion
involvement in the thoracolumbar region of the spinal cord is
common.” Cervical disc disease is uncommon in cats, with two
reported cases confirmed by necropsy, and one presumed case
diagnosed with MRI.*"* Disc spaces between the T11 and L2
vertebrae are affected in 50 per cent of cats with clinical signs
of IVDD.” The L4-L5 disc interspace also is a common site in
26 per cent of the reported cats with IVDD.” IVDD at L7-S1
disc was described in a cat with lower motor neuron signs,
flaccid tail, and urinary and fecal incontinence.®

Diagnosis. Survey spinal radiographs may reveal typical
evidence of disc disease: narrowed disc spaces and evidence of
mineralized material in the intervertebral foramen.™ Collection
of CSF is performed to eliminate other potential inflammatory
diseases. Findings on CSF analysis in cats with IVDD are not
specific and may show a mild neutrophilic pleocytosis and
increased protein concentration.

Myelography is used to localize the site of the disc extru-
sion/herniation more precisely. Computed tomography can
detect hyperdense material within the spinal canal at the
affected disc space.” Findings on MRI suggestive of IVDD
include evidence of dehydration of the disc with loss of signal
intensity on T2-weighted sequence.®

Treatment. Conservative medical management has been
used successfully in cats with [IVDD; however, in severe spinal
cord compression, this form of treatment should not replace
surgery. Based on a limited number of case reports, medical
management alone may result in a poor outcome.”” Conserva-
tive management still may be a better option in cases with a
small amount of extruded disc material in the canal.*> Medical
management usually consists of pain control with use of a
combination of narcotics and corticosteroids. Corticosteroid
therapy (prednisone 0.5 to 1 mg/kg/day PO) is used short-term
in combination with strict cage confinement for 4 to 6 weeks.
Physiotherapy also may aid the long-term outcome of neuro-
logical function.

Surgical decompression for removal of extruded disc mate-
rial may be accomplished with use of either a hemilaminec-
tomy or dorsal laminectomy procedure.”™ Surgery offers a
higher rate of success and more rapid and complete neurolog-
ical recovery when compared with conservative treatment.”*
Many cats still have residual neurological deficits that include
paresis and urinary and/or fecal incontinence.”™

Vascular Disorders
Fibrocartilaginous Embolism

Clinical Presentation and Pathogenesis. Fibrocartilaginous
embolism (FCE), or embolic myelopathy, has been described
in many species including cats (Table 51-1).%% This is a rare
disease in cats, with about 7 per cent of spinal cord diseases
attributed to vascular causes.' In this disease, a small portion
of fibrocartilaginous tissue, which is presumed to be interver-
tebral disc material, occludes the vascular supply to the spinal
cord, resulting in an acute onset of asymmetrical spinal cord
dysfunction. Typically, FCE is nonprogressive and not painful.
Lesions in the cervical and lumbar spinal cord regions have
been reported. The mean age from the limited case reports
available is 10.2 years, with a range between 8 and 12 years of
age.

Diagnosis. Diagnosis of FCE is based on elimination of
other causes of myelopathy. CSF analysis may reveal a neu-
trophilic pleocytosis and an increased protein concentration.*”*
Similar abnormalities also have been reported with interverte-
bral disc disease and may simply indicate necrosis.”** Case
reports have lacked definitive imaging results, except in one

Table 51-1 | Published Reports of Fibrocartilaginous Emboli in Cats

CASE REPORT BREED/SEX AGE (YEARS) LOCATION SIGNS

Turner et al, 1995% DSH/M 12 Left cervical Acute left hemiparesis
Zaki et al, 1976% DSH/FS 10 L6-S3 Acute bilateral paresis
Scott and O’Leary, 1996% DSH/FS 9 L4-S3 Left Paraplegia

Bichsel et al, 1984" DSH/unknown 12 Lumbosacral Paraplegia

Abramson et al, 2002% DSH/MN 8 Left cervical C6-C7 Acute onset ataxia

*Zaki FA, Prata RG, Werner LL: Necrotizing myelopathy in a cat, J Am Vet Med Assoc 169:228-229, 1976.
"Bichsel P, Vandevelde M, Lang J: Spinal cord infarction following fibrocartilaginous embolism in the dog and cat, Schweiz Arch Tierheilkd 126:387-397,

1984.



case in which myelography showed evidence of intramedullary
swelling.®® MR images can be expected to show an increased
signal intensity relative to surrounding tissues of the spinal cord
parenchyma on a T2-weighted sequence.

Treatment. Treatment strategies have been extrapolated
from treatment options recommended in other species with
FCE. This consists of high doses of MPSS (if the drug can be
administered within 8 hours of the onset of clinical signs), ade-
quate fluid therapy, bladder management, and supportive care.
Once the cat is stabilized, physical therapy may aid in recov-
ery. Prognosis in these cases is difficult to predict because the
literature in this area shows some bias as definitive diagnosis
requires necropsy. Prognosis is presumed guarded to fair in cats
that have deep pain perception intact.

Syringomyelia and Hydromyelia

Syringomyelia is an abnormal fluid-filled cavity within the
parenchyma of the spinal cord. Hydromyelia often occurs with
syringomyelia and is defined as dilation of the central canal.
Pathophysiology of syringohydromyelia is associated with
alterations in flow of CSF often secondary to a congenital
anomaly, infectious disease process, or trauma. Syringohy-
dromyelia has been reported in cats but is not well described.”
Clinical signs include paraspinal hyperesthesia and paresis. The
syrinx can be detected using MRI. Treatment usually is directed
toward the underlying cause. An antiinflammatory dose of
prednisone (0.5 to 1 mg/kg/day) may reduce edema and inflam-
matory response.

Spinal Arachnoidal Cysts

Clinical Presentation and Pathogenesis. Diverticulum within
the subarachnoid space results in accumulation of CSF and
compression of the spinal cord, which causes neurological dys-
function. These diverticula are not true cysts but rather
leptomeningeal cavitations that are filled with CSE.** Spinal
arachnoidal cysts have been reported to cause paresis in
cats.*®® Another case report documented an intradural
epithelial-lined cyst found at the vertebral body of C7 in a 2'/-
year-old female Burmese cat.”” Location of these cyst forma-
tions is variable in cats and can occur in the cervical, thoracic,
and lumbar spine. The cause of arachnoidal cysts is unknown,
but may be related to factors that include previous trauma,
inflammation, and developmental or congenital malforma-
tions.”? An arachnoidal cyst in a 7-year-old spayed female
domestic shorthair cat with paraparesis was associated with a
lordotic malalignment of the caudal thoracic spine.”

Affected cats usually are young to middle-age with a range
between 2 and 7 years of age. Clinical signs usually are chronic
and progressive and reflect the location of the cyst. Duration of
clinical signs is chronic and progressive in onset. A cat in one
report showed signs for only a few weeks.”

Diagnosis. Diagnosis of spinal arachnoidal cysts is made
using myelography, CT-myelography, or MRI. The diverticu-
lum is identified with myelography as a teardrop shape within
the subarachnoid space (Figure 51-5).°* Magnetic resonance
imaging can document a spinal arachnoidal cyst on a T2-
weighted sequence as an area of hyperintensity.”

Treatment. Reports of treatment protocols for spinal
arachnoidal cysts in cats have been limited. Surgical fenes-
tration has been reported.””"*® A hemilaminectomy or dorsal
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Figure 51-5. An axial CT image after a myelogram of the lumbar spine
from a 7-year-old male castrated domestic shorthair cat with a history of
progressive upper motor neuron paraparesis. The cat also had a spinal
malformation. (Images courtesy Jeryl Jones, Virginia Maryland Regional
College of Veterinary Medicine, Blacksburg, Virginia.)

laminectomy is used to expose the cystic structure for dural
fenestration and possible excision of the cyst. Outcome in these
cases has been excellent with complete recovery. Residual
neurological deficits may occur. Histopathology of the cyst
wall is recommended to rule out other lesions. Palliative
medical management consists of antiinflammatory doses of
corticosteroids.

REFERENCES

1. Marioni-Henry K, Vite CH, Newton AL, et al: Prevalence of diseases
of the spinal cord of cats. J Vet Intern Med 18:851-858, 2004.

2. Widmer WR: Intervertebral disc disease and myelography. In Thrall
DE, editor: Textbook of veterinary diagnostic radiology, Philadelphia,
1998, WB Saunders.

3. Singh M: Inflammatory cerebrospinal fluid analysis in cats: clinical
diagnosis and outcome. Australian College of Veterinary Scientists
Science Week 2003.

4. Thomson CE, Kornegay JN, Stevens JB: Analysis of cerebrospinal
fluid from the cerebellomedullary and lumbar cisterns of dogs with
focal neurologic disease: 145 cases (1985-1987). J Am Vet Med Assoc
196:1841-1844, 1990.

. Shell LG: Spinal cord diseases in cats. Vet Med 93:553-564, 1998.

6. Love RM: Bacterial discospondylitis in a cat. J Small Anim Pract
31:404-406, 1990.

7. Aroch I, Shamir M, Harmelin A: Lumbar diskospondylitis and
meningomyelitis caused by Escherichia coli in a cat. Fel Pract 27:20-
22, 1999.

8. Poli A, Abramo F, Di Iorio C, et al: Neuropathology in cats
experimentally infected with feline immunodeficiency virus: a
morphological, immunocytochemical and morphometric study.

J Neurovirol 3:361-368, 1997.

9. Foley JE, Lapointe JM, Koblik P, et al: Diagnostic features of clinical
neurologic feline infectious peritonitis. J Vet Intern Med 12:415-423,
1998.

10. Addie DD, Paltrinieri S, Pedersen NC: Recommendations from
workshops of the second international feline coronavirus/feline
infectious peritonitis symposium. J Feline Med Surg 6:125-130, 2004.

11. LeCouteur RA: Spinal cord disorders. J Feline Med Surg 5:121-131,
2003.

W



478

12

13.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

| NEUROLOGY

. Foley JE, Rand C, Leutenegger C: Inflammation and changes in
cytokine levels in neurological feline infectious peritonitis. J Feline
Med Surg 5:313-322, 2003.

Rohrbach BW, Legendre AM, Baldwin CA, et al: Epidemiology of

feline infectious peritonitis among cats examined at veterinary medical

teaching hospitals. J Am Vet Med Assoc 218:1111-1115, 2001.

. Hartmann K, Binder C, Hirschberger J, et al: Comparison of different
tests to diagnose feline infectious peritonitis. J Vet Intern Med 17:781-
790, 2003.

. Munana KR: “Back to the cat”: feline spinal cord disease. Proc 14th
Annual ACVIM Forum, 1996, pp 338-340.

. Ishida T, Shibanai A, Tanaka S, et al: Use of recombinant feline
interferon and glucocorticoid in the treatment of feline infectious
peritonitis. J Feline Med Surg 6:107-109, 2004.

. Glass E, deLahunta A, Kent M, et al: A cryptococcal granuloma in the
brain of a cat causing focal signs. Prog Vet Neurol 7:141-144, 1996.

. Gerds-Grogan S, Dayrell-Hart B: Feline cryptococcosis: a
retrospective evaluation. J Am Anim Hosp Assoc 33:118-122, 1997.

. Flatland B, Greene RT, Lappin MR: Clinical and serologic evaluation

of cats with cryptococcosis. J Am Vet Med Assoc 209:1110-1113,

1996.

Jacobs GJ, Medleau L, Calvert C, et al: Cryptococcal infection in cats:

factors influencing treatment outcome, and results of sequential serum

antigen titers in 35 cats. J Vet Intern Med 11:1-4, 1997.

Malik R, Wigney DI, Muir DB, et al: Cryptococcosis in cats: clinical

and mycological assessment of 29 cases and evaluation of treatment

using orally administered fluconazole. ] Med Vet Mycol 30:133-144,

1992.

Jacobs GJ, Medleau L: Cryptococcosis. In Greene CE, editor:

Infectious diseases of the dog and cat, Philadelphia, 1998, WB

Saunders, pp 383-390.

Dubey JP, Lappin MR: Toxoplasmosis and neosporosis. In Greene CE,

editor: Infectious diseases of the dog and cat, Philadelphia, 1998, WB

Saunders, pp 493-503.

Carmichael KP, Bienzle D, McDonnell J: Feline leukemia virus-

associated myelopathy in cats. Vet Pathol 39:536-545, 2002.

Mesfin GM, Kusewitt D, Parker A: Degenerative myelopathy in a cat.

J Am Vet Med Assoc 176:62-64, 1980.

Vail DM, MacEwen EG: Feline lymphoma and leukemia. In Withrow

SJ, MacEwen EG, editors: Small animal clinical oncology,

Philadelphia, 2001, WB Saunders, pp 590-611.

Fox LE: Therapeutic choices for the medical management of feline

lymphoma. Waltham Feline Medicine Symposium 2003.

Lane SB, Kornegay JN, Duncan JR, et al: Feline spinal

lymphosarcoma: a retrospective evaluation of 23 cats. J Vet Intern Med

8:99-104, 1994.

Spodnick GJ, Berg J, Moore FM, et al: Spinal lymphoma in cats: 21

cases (1976-1989). J Am Vet Med Assoc 200:373-376, 1992.

Vail DM, Moore AS, Ogilvie GK: Feline lymphoma (145 cases):

proliferation indices, cluster differentiation 3 immunoreactivity, and

their association with prognosis in 90 cats. J Vet Intern Med 12:349-

354, 1998.

Ettinger SN: Principles of treatment for feline lymphoma. Clin Tech

Small Anim Pract 18:98-102, 2003.

Stigen O, Ytrehus B, Eggertsdottir AV: Spinal cord astrocytoma in a

cat. J Small Anim Pract 42:306-310, 2001.

Haynes JS, Leininger JR: A glioma in the spinal cord of a cat. Vet

Pathol 19:713-715, 1982.

McGrath JT: Meningiomas in animals. J Neuropathol Exp 21:327-328,

1962.

Asperio RM, Marzola P, Zibellini E, et al: Use of magnetic resonance

imaging for diagnosis of a spinal tumor in a cat. Vet Radiol Ultrasound

40:267-270, 1999.

Levy MS, Mauldin G, Kapatkin AS, et al: Nonlymphoid vertebral

canal tumors in cats: 11 cases (1987-1995). J Am Vet Med Assoc

210:663-664, 1997.

Bienzle D, Silverstein DC, Chaffin K: Multiple myeloma in cats:

variable presentation with different immunoglobulin isotypes in two

cats. Vet Pathol 37:364-369, 2000.

Hall ED, Wolf DL, Braughler JM: Effects of a single large dose of

methylprednisolone sodium succinate on experimental posttraumatic

spinal cord ischemia. Dose-response and time-action analysis.

J Neurosurg 61:124-130, 1984.

Hall ED: The neuroprotective pharmacology of methylprednisolone.

J Neurosurg 76:13-22, 1992.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Braughler JM, Hall ED: Correlation of methylprednisolone levels in
cat spinal cord with its effects on (Na" K*)-ATPase, lipid peroxidation,
and alpha motor neuron function. J Neurosurg 56:838-844, 1982.
Braughler JM, Hall ED: Lactate and pyruvate metabolism in injured
cat spinal cord before and after a single large intravenous dose of
methylprednisolone. J Neurosurg 59:256-261, 1983.

Braughler JM, Hall ED: Effects of multi-dose methylprednisolone
sodium succinate administration on injured cat spinal cord
neurofilament degradation and energy metabolism. J Neurosurg
61:290-295, 1984.

Braughler JM, Hall ED, Means ED, et al: Evaluation of an intensive
methylprednisolone sodium succinate dosing regimen in experimental
spinal cord injury. J Neurosurg 67:102-105, 1987.

Anderson DK, Waters TR, Means ED: Pretreatment with alpha
tocopherol enhances neurologic recovery after experimental spinal
cord compression injury. J Neurotrauma 5:61-67, 1988.

Besalti O, Ozak A, Tong S: Management of spinal trauma in 69 cats.
Dtsch Tierarztl Wochenschr 109:315-320, 2002.

Grasmueck S, Steffen F: Survival rates and outcomes in cats with
thoracic and lumbar spinal cord injuries due to external trauma.

J Small Anim Pract 45:284-288, 2004.

Papazoglou LG, Galatos AD, Patsikas MN, et al: High-rise syndrome
in cats: 207 cases (1988-1998). Aust Vet Pract 31:98-102, 2001.

Voss K, Montavon PM: Tension band stabilization of fractures and
luxations of the thoracolumbar vertebrae in dogs and cats: 38 cases
(1993-2002). ] Am Vet Med Assoc 225:78-83, 2004.

Vale FL, Burns J, Jackson AB, et al: Combined medical and surgical
treatment after acute spinal cord injury: results of a prospective pilot
study to assess the merits of aggressive medical resuscitation and
blood pressure management. Neurosurg Focus 6:1999.

Hurlbert RJ: Methylprednisolone for acute spinal cord injury: an
inappropriate standard of care. J Neurosurg Spine 93:1-7, 2000.
Short D: Is the role of steroids in acute spinal cord injury now
resolved? Curr Opin Neurol 14:759-763, 2001.

Short DJ, Masry WS, Jones PW: High dose methylprednisolone in the
management of acute spinal cord injury — a systematic review from a
clinical perspective. Spinal Cord 38:273-286, 2000.

Rohrer CR, Hill RC, Fischer A, et al: Gastric hemorrhage in dogs
given high doses of methylprednisolone sodium succinate. Am J Vet
Res 60:977-981, 1999.

Boag AK, Otto CM, Drobatz KJ: Complications of methylprednisolone
sodium succinate therapy in dachshunds with surgically treated
intervertebral disc disease. J Vet Emerg Crit Care 11:105-110, 2001.
Fukaya C, Katayama Y, Kasai M, et al: Evaluation of time-dependent
spread of tissue damage in experimental spinal cord injury by killed-
end evoked potential: effect of high-dose methylprednisolone.

J Neurosurg Spine 98:56-62, 2003.

Carberry CA, Flanders JA, Dietze AE, et al: Nonsurgical management
of thoracic and lumbar spinal fractures and fractures/luxations in the
dog and cat: a review of 17 cases. ] Am Anim Hosp Assoc 25:43-54,
1989.

Selcer RR, Bubb WIJ, Walker TL: Management of vertebral column
fractures in dogs and cats: 211 cases (1977-1985). J Am Vet Med
Assoc 198:1965-1968, 1991.

Bagley RS: Spinal fracture or luxation. Vet Clin North Am Small
Anim Pract 30:133-153, 2000.

Brodkey JS, Richards DE, Blasingame JP, et al: Reversible spinal
cord trauma in cats. Additive effects of direct pressure and ischemia.
J Neurosurg 37:591-593, 1972.

Fehlings MG, Tator CH: An evidence-based review of decompressive
surgery in acute spinal cord injury: rationale, indications, and timing
based on experimental and clinical studies. J Neurosurg 91:1-11,
1999.

Tator CH, Fehlings MG, Thorpe K, et al: Current use and timing of
spinal surgery for management of acute spinal cord injury in North
America: results of a retrospective multicenter study. J Neurosurg
91:12-18, 1999.

Bruecker KA: Principles of vertebral fracture management. Semin Vet
Med Surg Small Anim 11:259-272, 1996.

Wong WT, Emms SG: Use of pins and methylmethacrylate in
stabilization of spinal fractures and luxations. J Small Anim Pract
33:415-422, 1992.

Waldron DR, Shires PK, McCain W, et al: The rotational stabilizing
effect of spinal fixation techniques in an unstable vertebral model.
Prog Vet Neurol 2:105-110, 1992.



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Rossignol S, Bouyer L, Barthelemy D, et al: Recovery of locomotion
in the cat following spinal cord lesions. Brain Res Brain Res Rev
40:257-266, 2002.

Rossignol S, Bouyer L, Langlet C, et al.: Determinants of locomotor
recovery after spinal injury in the cat. Prog Brain Res 143:163-172,
2004.

De Leon RD, Hodgson JA, Roy RR, et al.: Locomotor capacity
attributable to step training versus spontaneous recovery after
spinalization in adult cats. J Neurophysiol 79:1329-1340, 1998.
Lovely RG, Gregor RJ: Effects of training on the recovery of full
weight bearing stepping in the adult spinal cat. Exp Neurol 92:206-
218, 1986.

Giuliani CA, Carter MC, Smith JL: Return of weight supported
locomotion in adult spinal cats. Soc Neurosci 10:632, 1984 (abstract).
Roy RR, Hodgson JA, Lauretz SD, et al: Chronic spinal cord-injured
cats: surgical procedures and management. Lab Anim Sci 42:335-343,
1992.

De Leon RD, Hodgson JA, Roy RR, et al: Retention of hindlimb
stepping ability in adult spinal cats after the cessation of step training.
J Neurophysiol 81:85-94, 1999.

Rayward RM: Feline intervertebral disc disease: a review of the
literature. Vet Comp Ortho Trauma 15:137-144, 2002.

Knipe MF, Vernau KM, Hornof WJ, et al: Intervertebral disc extrusion
in six cats. J Feline Med Surg 3:161-168, 2001.

Muiiana KR, Olby NJ, Sharp NJ, et al: Intervertebral disk disease in
10 cats. J Am Anim Hosp Assoc 37:384-389, 2001.

Kathmann I, Cizinauskas S, Rytz U, et al: Spontaneous lumbar
intervertebral disc protrusion in cats: literature review and case
presentations. J Feline Med Surg 2:207-212, 2000.

King AS, Smith RN: Disc protrusions in the cat: distribution of dorsal
protrusions along the vertebral column. Vet Rec 72:335-337, 1960.
King AS, Smith RN: Disc protrusions in the cat: age incidence of
dorsal protrusions. Vet Rec 72:381-383, 1960.

King AS, Smith RN: Disc protrusions in the cat: ventral protrusions
and radial splits. Res Vet Sci 1:301-307, 1960.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

MISCELLANEOUS SPINAL CORD DISEASEs | 479

King AS, Smith RN: Degeneration of the intervertebral disc in the cat.
Acta Orthop Scand 34:1964.

King AS, Smith RN, Kon VM: Protrusion of the intervertebral disc in
the cat. Vet Rec 70:509-515, 1957.

Heavner JE: Intervertebral disc syndrome in the cat. ] Am Vet Med
Assoc 159:425-427, 1971.

Littlewood JD, Herrtage ME, Palmer AC: Intervertebral disc protrusion
in a cat. J Small Anim Pract 25:119-127, 1984.

Lu D, Lamb CR, Wesselingh K, et al: Acute intervertebral disc
extrusion in a cat: clinical and MRI findings. J Feline Med Surg
4:65-68, 2002.

Jaeger GH, Early PJ, Muifiana KR, et al: Lumbosacral disc disease in a
cat. Vet Comp Ortho Trauma 17:104-106, 2004.

Bagley RS, Tucker RL, Moore MP, et al: Radiographic diagnosis:
intervertebral disc extrusion in a cat. Vet Radiol Ultrasound 36:380-
382, 1995.

Turner PV, Percy DH, Allyson K: Fibrocartilaginous embolic
myelopathy in a cat. Can Vet J 36:712-713, 1995.

Abramson CJ, Platt SR, Stedman NJ: Tetraparesis in a cat with
fibrocartilaginous emboli. J Am Anim Hosp Assoc 38:153-156,

2002.

Scott HW, O’Leary MT: Fibro-cartilaginous embolism in a cat. J Small
Anim Pract 37:228-231, 1996.

Bagley RS, Silver GM, Kippenes H, et al: Syringomyelia and
hydromyelia in dogs and cats. Compend Contin Educ Pract Vet
22:471-478, 2000.

Shamir MH, Shahar R, Aizenberg I: Subarachnoid cyst in a cat. J Am
Anim Hosp Assoc 33:123-125, 1997.

. Galloway AM, Curtis NC, Sommerlad SF, et al: Correlative imaging

findings in seven dogs and one cat with spinal arachnoid cysts. Vet
Radiol Ultrasound 40:445-452, 1999.

Vignoli M, Rossi F, Sarli G: Spinal subarachnoid cyst in a cat. Vet
Radiol Ultrasound 40:116-119, 1999.

Lujan A, Philbey AW, Anderson TJ: Intradural epithelial cyst in a cat.
Vet Rec 153:363-364, 2003.



