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ABSTRACT

Severe spinal cord injuries (SCI), causing physical
handicaps and accompanied by many serious complica-
tions, remains one of the most challenging problems in
both, human and veterinary health care practices. The
central nervous system in mammals does not regener-
ate, so the neurological deficits in a dog following SCI
persists for the rest of its life and the affected animals
display an image of permanent suffering. Diagnostics
are based on: neurological examination, plain x-rays of
vertebral column, x-rays of the vertebral column fol-
lowing intrathecal administration of a water-soluble
contrast medium (myelography), x-rays of the vertebral
column following epidural administration of a contrast
medium (epidurography), computed tomography (CT)
and/or magnetic resonance imaging (MRI). Currently,
only limited therapeutic measures are available for the
dogs with SCIs. They include: the administration of
methylprednisolone sodium succinate (MPSS) during

the acute stage; early spinal cord decompression; stabi-

lisation of vertebral fractures or luxations; prevention
and treatment of complications, and expert rehabilita-
tion. Together with the progress in the understanding
of pathophysiologic events occurring after SCI, different
therapeutic strategies have been instituted, including the
local delivery of MPSS, the utilisation of novel pharma-
cological agents, hypothermia, and stem/precursor cell
transplantation have all been tested in the experimental
models and preclinical trials with promising results. The
aim of this review is the presentation of the generally ac-
cepted methods of diagnostics and management of dogs
with SClIs, as well as to discuss new therapeutic modali-
ties. The research strategy involved a PubMed, Medline
(Ovid), Embase (Ovid) and ISI Web of Science literature
search from January 2001 to December 2017 using the
term “spinal cord injury”, in the English language litera-
ture; also references from selected papers were scanned

and relevant articles included.
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INTRODUCTION

The principal composition and function of the central
nervous system (CNS) in dogs, cats, pigs and primates are
similar [7, 8, 14, 16, 22, 31]. The spinal cord injuries (SCIs)
naturally occur ing these species, but the regeneration of
neurons within their brain and spinal cord is limited [68].
The neurological symptomatology, complication rate and
their character may be also similar, and the treatment op-
tions and the prognosis resemble the situation in people [2,
14,22, 31,47, 58, 77]. The same diagnostic and therapeutic
measures are utilised in both, human and veterinary medi-
cine [6, 19, 29, 53, 64, 69]. That is why the authors decided
to review recently published papers relating to canine spi-
nal trauma and inform the health care professionals about
the generally accepted methods and new achievements,

ready to be tested in preclinical and clinical trials.

DIAGNOSTICS

The trauma patients may suffer significant damage not
only to the vertebral column, but also to other body sys-
tems. These accompanying injuries may pose more imme-
diate threats to their lives than the damage to the spinal
cord. So when evaluating an animal with a neurologic defi-
cit due to a suspected trauma, it is necessary to assess the
overall stability of the organism, i. e. function of pulmonary
and cardiovascular systems in the first place, then proceed
with careful examination of the entire nervous system [9,
12, 14, 45]. The clinical experience has shown that traumat-
ic brain lesions, especially in their mild forms, accompany
different traumatic events quite often, and multilevel cord
damage is also possible [53, 67]. A theoretical progression
of clinical symptomatology is as follows: pain—ataxia—pa-
resis—plegia — and the loss of deep pain sensations [67].
The simple scales recommended for primary, informative
assessment of spinal cord functions applicable in dogs are
the Tarlov grading system and the American Spinal Injury
Association impairment scale, i.e. ASIA scale [12, 31, 40,
53, 64]. More details are in Table 1. The plegia and loss of
deep pain sensations are very important indicators of se-
vere spinal cord lesions. They are usually associated with
the damage to the significant parts of the white matter,
while dogs that are only painful and ataxic, likely have only

restricted spinal cord involvement [12, 69, 75].
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Table 1. Tarlov grading system modified for dogs [40]

Grade0 —  Complete paralysis (tetra- or paraplegia)
with no extremity function

Gradel —  Minor joint movements

Grade2 —  Majorjoint movements

Grade3 —  Animal can stand

Grade4 —  Animal can walk

Grade5 —  Animal can climb a 20°inclined plane

However, there are symptoms, which help to localise

the spinal cord lesion in a dog more precisely (Table. 2).

Table 2. Neurological symptoms related to localisation
of a spinal cord lesion [14, 48, 77]

Lesion

localization Clinical findings

a1-G5 Crossed extensor reflex in all 4 extremities, neck pain,
Horner syndrome, proprioceptive deficits 4x, increased
myotatic reflexes 4x, increased tone 4x, tetraparesis/
tetra-plegia, increased tone, upper motor neuron uri-

nary bladder

C6-Th2  Absent cutaneous trunci reflex, neck pain, decreased
thoracic limb tone/withdrawal reflexes, pelvic limb
crossed extensor reflexes, back pain, proprioceptive
deficits 4x, Horner syndrome, tetraparesis/tetraplegia,
increased pelvic limb myotatic reflexes, upper motor

neuron urinary bladder, increased pelvic limb tone

Th3-L13  Absent cutaneous trunci reflexes near level of lesion,
paraparesis/paraplegia, pelvic limb crossed extensor re-
flexes, back pain, proprioceptive deficits in pelvic limbs,
increased pelvic limb myotatic reflexes, upper motor

neuron urinary bladder, increased pelvic limb tone

L4-S3 Lumbosacral pain, decreased anal tone/reflex, lower
motor neuron urinary bladder, decreased pelvic limb
myotatic reflexes, decreased pelvic limb tone/withdraw-
al reflexes, paraparesis/paraplegia, pelvic limb proprio-

ceptive deficits, limp tail

L4-S3 Lumbosacral pain, decreased anal tone/reflex, lower
motor neuron urinary bladder, decreased pelvic limb
myotatic reflexes, decreased pelvic limb tone/withdraw-
al reflexes, paraparesis/paraplegia, pelvic limb proprio-

ceptive deficits, limp tail

Legend: 4x—in all four extremities; C— cervical
Th—thoracic; L—Ilumbar; S—sacral

Imaging diagnostic techniques

Rontgenological investigations are still crucial in de-
termining an accurate diagnosis of spinal pathology [9,
30]. Plain radiographs, sometimes in different projections
(ventro-dorsal, lateral, oblique) are especially helpful in

identifying bone abnormalities, such as luxations and/or



Fig. 2. An example of contrast x-ray examination (myelography) of cervical and cranial part of thoracic spinal canal in a dog;
lateral projection. The procedure was performed under general endotracheal anaesthesia
CM —contrast medium; ET — endotracheal tube
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Fig. 3. An example of a contrast x-ray examination of the lumbosacral region of the vertebral canal
(epidurography) in a dog; lateral projection

Fig. 4. A CT examination of a dog with a sacral bone fracture causing the traumatic
cauda equina syndrome. Obstipation developed due to anal sphincter hypertone
T — transversal plane; D — dorsal plane; L — lateral plane
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Fig. 5. A MRI examination (T2-weighted image) of a dog with a fracture of L7 vertebra, traumatic conus medullaris syndrome,
intra- as well as a paraspinal haematoma of the soft tissues. F — fracture

fractures of vertebrae; sometimes they are able to show nar-
rowing of the intervertebral space, which is an indirect sign
of intervertebral disc disease (IVDD) [7, 63].

It is necessary to stress, that negative plain x-rays do not
exclude vertebral column or spinal cord injury. That is why
advanced diagnostic techniques, e.g. myelography (x-rays
following administration of water-soluble contrast medium
into the spinal dural sack), epidurography (x-rays follow-
ing the administration of water-soluble contrast medium
into the spinal epidural space), comput ed tomography (CT
scan) and magnetic resonance imaging (MRI), are more
frequently used nowadays [49, 55]. The CT scans provide
much greater details of the bony structures and are able to
show the extent of any encroachment on the spinal canal
by vertebral displacements or bone fragments. MRI gives
information about the spinal cord and soft tissues. This im-
aging technique is able to reveal the cause of the cord com-
pression, whether from bone, prolapsed discs, ligamentous
damage, or instraspinal haematomas [75]. CT and MRI are

the best available diagnostic tools currently.

Differential diagnosis

Several non-traumatic spinal cord lesions can cause the
symptomatology of tetra- or paraplegia/tetra- or parapare-
sis [28]. The most important of them are:

1. Fibrocartilaginous embolism (FCE) is encountered
in dogs quite frequently [10, 21]. It occurs when material
from the nucleus pulposus of the intervertebral disc forms
an embolus that obstructs vessels within the spinal me-
dulla. FCE commonly affects dogs of large or giant breeds
[75]. Dogs typically present with a peracute neurologic
deficits that progress for about 24 hours. The neurological
symptomatology can be asymmetric and dogs are usually
painless [21, 75]. To establish a definitive diagnosis of FCE
it is possible only by the help of histopathologic examina-
tion, which shows fibrocartilaginous emboli within the spi-
nal cord vasculature identical to the nucleus pulposus [10,
21, 75]. Perimyelography or CT scans can be used to make
a presumptive diagnosis, but the best antemortem diag-
nostic tool is MRI currently [75]. Different treatment mo-

dalities (e. g. administration of steroids) for FCE have been
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attempted, but no significant positive effects have been
found. So the treatment of FCE is conservative, usually it
includes rest, followed by physical therapy [10, 20, 21, 57].

2. Spinal epidural or subdural bleeding — are rare
pathological events in dogs. Clinical presentation is char-
acterised by a sudden pain in a specific region of the spine
(depending on the affected part of the body axis) accom-
panied by neurological deficits progressing to tetra- or
paraplegia [12, 53]. This clinical entity can occur after light
falls, jumps, or excessive training, but sometimes may even
occur spontaneously. For the localisation and extent of the
suspected haematoma, it helps to assess perimyelography;
however, to establish the exact diagnosis it is possible only
by the help of CT scans. This menacing situation may be
solved by an urgent surgical revision and removal of the
blood clot [53, 77].

3. Spinal epidural abscess or subdural empyema.
They occur rarely, in the majority of the cases accompany
meningitis or different purulent processes. The patient has
fever and symptoms of meningeal irritation. Perimyelog-
raphy helps the diagnostics, but CT or MRI are preferable.
In the treatment of an urgent surgical revision, evacuation
of pus, bacteriological identification of the microorganisms
and prolonged administration of antibiotics are recom-
mended [28].

4. Viral (Herpes simplex virus, Varicella-zoster virus,
Cytomegalovirus, Tick encephalo-myelitis virus), fungal
(Cryptococcus spp.) or parasitic (Toxoplasma gondii, Schis-
tosoma mansoni) transverse myelitis can develop in dogs.
Infectious agents mostly enter the spinal medulla by hae-
matogenous transit (from a distant focus) or directly in the
time of penetrating injuries or surgical interventions. The
perimyelography helps to exclude spinal cord compression,
and MRI is able to verify myelitis. The exact diagnosis is
dependent on bacteriological and serological tests [28, 30].

5. Many pathological conditions occurring in dogs
may produce clinical symptoms that mimic SCI. The diag-
nostic problems may appear in neurological diseases such
as: the Wobbler syndrome, the canine distemper, degenera-
tive myelopathy, tick paralysis, toxoplasmosis and polyra-
diculoneuropathy [12].

6. Wobbler syndrome is a common cervical problem. It
occurs especially in Great Danes and Doberman Pinschers.
The clinical symptomatology is caused by compression of
the cervical spinal cord by the vertebral malformation-ma-

larticulation of C5, C6, and C7. The onset is usually insidi-
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ous with signs which are normally progressive, but some-
times acute. Owners generally recognise ataxia of the pelvic
limbs. Dogs often cross, abduct or collapse on walking and
turning. The animal gives an impression that it does not
know where its limbs are because of a proprioceptive defi-
cit. The thoracic limb signs (if present) are similar, but less
marked [12].

7. Canine distemper (hardpad disease) is caused by
a single-stranded RNA virus of the family Paramixoviri-
dae. The disease impacts several body systems, includ-
ing gastrointestinal and respiratory tracts, but acts pre-
dominantly on the spinal cord. Canine distemper is highly
contagious and fatal in about 50 % of the cases [12]. Dogs
younger than 1 year are especially suspect of having the
disease. The affected animal reveals signs of segmental my-
elopathy with progressive neurological deficits. An exam-
ple is mild thoracic limb deficit in a paraplegic dog. Quite
often additional symptoms (e. g. head tilt, nystagmus, head
tremor, nasal and ocular discharge, harsh lung sounds, hy-
perkeratosis of the nose and foot pads, chorioretinopathy
and myoclonus) may be seen. There is no specific treatment
for the disease. The prevention is vaccination [12].

8. Degenerative myelopathy (DM) is a progressive
disease with no specific cure. Currently it is suspected that
DM is an immune-mediated illness resembling Multiple
sclerosis (MS) in humans. It occurs predominantly in ag-
ing German Shepherds and is characterised by a slowly
progressive paraparesis and ataxia of the pelvic limbs. The
onset is insidious and may continue for five to six months.
Proprioception is the first affected function, along with
crossed limbs and hyperreflexia of the pelvic extremities.
Symptomatology may be asymmetrical. The neurologi-
cal deficit is caused by diffuse degeneration of the myelin
sheaths and neural axons in both ascending and descend-
ing tracts of the spinal cord. The peripheral nerves may be
involved too, resulting in the lower motor neuron signs.
The diagnosis is based on: the breed of the dog, its age, typi-
cal history, clinical symptomatology and exclusion of other
intraspinal lesions. The myelography, CT and MRI negate
compression of neural structures, and the CSF examina-
tions are normal [12].

9. Tick paralysis is caused by a neurotoxin produced
in the tick’s salivary gland. Clinical presentation begins
with paresis, hyporeflexia and ataxia five to seven days af-
ter the attachment of the tick and the symptomatology can

progress to paralysis with areflexia. Finding ticks on the



dog helps to establish the diagnosis. The CSF examination
is normal, however the neurotoxin reduces nerve conduc-
tion velocity, the amplitude of muscle action potentials and
causes a total blockade of transmission at the myoneural
junctions [30]. Following the removal of the tick, the neu-
rological deficit subsides [12, 30].

10. Toxoplasmosis can cause various clinical signs.
They include seizures, blindness, tremor, hemi- or para-
paresis, and hindquarter paralysis. Spinal reflexes may be
absent and extensor rigidity present in one or both pelvic
extremities. The history is usually of a young dog showing
gradual progressive paralysis. A positive diagnosis is dif-
ficult, but serology may be of some help [12].

11. Polyradiculoneuropathy (coonhound paralysis).
The etiology of this disease is unknown. The functional le-
sion is on the ventral nerve roots and peripheral nerves.
The disease is initiated by raccoon bites one to two weeks
before the onset of any clinical signs. The majority of the
affected dogs show paresis and hyporeflexia of the pelvic
limbs and dysphonia. The neurological deficits progresses
to tetraplegia with areflexia, while the animal demonstrates
alertness and has a normal temperature. Adult hunting

dogs are most commonly affected [12].

SPINAL TRAUMA MANAGEMENT

It is very important to have an initial assessment aimed
at identifying all of the imminently life-threatening injuries.
The basic ABC examination (the patency of the airways, the
ability of the dog to breathe, and the effectiveness of circula-
tion) is recommended [9, 14, 31, 67]. Most animals with sig-
nificant traumatic events will present a state of hypovolemic
shock due to inappropriate vasodilation, blood loss, or both.
Hypovolemia and hypoxemia can contribute to secondary
spinal cord damage, so rapid correction of perfusion deficit
is of paramount importance. In dogs with a systolic blood
pressure less than 90 mmHg require aggressive fluid resus-
citation [9, 53]. The administration of synthetic colloids
(e.g. “Dextran-70” 10—20ml.kg™ over 15—20min, or hy-
pertonic saline 4—5ml.kg™ over 15—20min) are indicated
for hypovolemic shock. Dehydrated trauma victims should
receive isotonic crystalloids (e. g. lactated “Ringer’s solution”
or 0.9% saline). In animals unresponsive to fluid therapy,
vasopressor agents (e.g. dopamine 5—12pgkg'min™ or

epinephrine infusion 1—10ug.kg'min™) should be used

to maintain adequate systemic blood pressure [9, 13, 29,
53]. Hyperoxygenation is recommended for most trauma
patients. Dogs who are conscious should be administered
supplemental oxygen via nasal cannulae or nasal oxygen
catheters. The face masks tend to stress dogs, so they should
only be used temporarily. Animals with airway obstruction
or SCIs causing hypoventilation should be intubated and
ventilated [29, 53, 69].

Specific therapy for spinal trauma

While there are significant differences between humans
and non-primate animals in terms of supraspinal motor
control of extremities, the basic brainstem-spinal control
systems for walking are similar [2, 65, 70, 76]. More im-
portantly, cellular mechanisms (activation of microglia,
apoptosis, axonal sprouting, and inhibition effects within
adult CNS) do not differ [3, 13, 22, 32, 38, 42, 58, 62, 68,
72,73, 76].

Once the diagnosis of a traumatic SCI has been made
and the location of the lesion and the cause of medullary
damage has been established, a decision must be made con-
cerning what type of treatment will be pursued. Basically,
it is determined by the personal opinion of the veterinary
surgeon and the choice of the owner [9, 53, 55, 63]. Verte-
bral fractures and luxations may be treated conservatively
(e.g. by a strict rest for 2—6 weeks and/or immobilization
using external braces, supplemented by administration of
analgesics, anti-inflammatory drugs and physical therapy).
However, the surgical methods, i. e. decompression, reposi-
tion of fragments and internal fixation are more and more
frequently preferred nowadays, since the literature provides
strong evidence, that the early surgical decompression is
associated with better recovery at 6 months after the event
as defined by a 2-grade improvement in the grading system
(impairment scale) modified for dogs [9, 31, 40, 52, 63].
Surgical management is generally recommended when:
the dog has preserved only minimal voluntary motor func-
tion or is completely paraplegic; there is a clinical or radio-
graphic evidence of unstable vertebral fracture/luxation; or
the neurologic deficit is progressing despite an appropriate
conservative management [9, 52, 77].

The first proven pharmacological treatment for SCI in
humans was introduced in the 1990s [6, 29]. In a multicen-
tre clinical study, a high dose of the synthetic corticoste-
roid methylprednisolone (MPSS) was reported to reduce
disability when administered within 8h of trauma. MPSS
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reduces swelling, glutamate release, free-radical accumula-
tion, upregulates anti-inflammatory factors, and decreases
oxidative stress [35, 73]. According to the Cochrane review,
the MPSS treatment should be started by a 30 mg.kg™! bo-
lus within the first 3 hours after injury and continued by
5.4mgkg".h™ for 24hours. [6]. On the other hand, the
treatment with a high-dose of MPSS is associated with seri-
ous complications (e. g. gastric bleeding, wound infections,
myopathy) outweighing potential benefit for neurological
improvement [20, 56, 66]. That is why a local delivery of
MPSS to the epicentre of the injury is currently being test-
ed [32, 34, 35]. The majority of patients following SCIs are
in the chronic phase of their disease. With an aim to help
them, different neuroregenerative proceedings are being
experimentally tested [31, 33, 35, 70].

A critical part of any treatment for SCI is an effective
rehabilitation strategy. It is aimed to reduce chronic com-
plications (e. g. pressure ulcers, spasticity, and development
of deformities) and enhance residual functions [1, 19, 40,
74]. The physical rehabilitation improves muscle tone and
mobility, activates preserved intramedullary circuits, main-
tains existing neural cell connections, promotes synapto-
genesis, myelination and neurite sprouting, i.e. it is able to
raise the physical as well as emotional condition of the pa-
tient [9, 19, 26]. That is why the more advanced rehabilita-
tion procedures are recommended in the treatment of dogs
with SCIs [31, 53, 63].

Complications

The most frequent complications connected with SCIs
in dogs are: neuropathic pain, problems with the evacua-
tion of the urinary bladder, spasticity, pressure ulcers and
sexual incompetence.

Two thirds of humans with SCI report pain and about
a third of them rate their pain as severe. It is reasonable to
assume about the same occurrence of post-injury chronic
pain syndromes in animals also. Pain can be at the level of
the injury, or it can be experienced in other areas, where
sensation is usually limited or absent. Neuroscientists sup-
pose that at-level pain results from damage to spinal cord
one or more segments cranial to the lesion, whereas pain
caudally from the lesion can result from the interruption
of axon pathways, the formation of abnormal connec-
tions within the spinal cord and/or functional changes in
neurons, which make them hyperexcitable. Consequently,

a more aggressive treatment in the first few hours after in-
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jury could limit the secondary damages and reduce the de-
velopment of chronic pain syndromes following SCIs [10,
14, 20, 54].

The majority of patients with post traumatic tetra- or
paraplegia are not able to control voiding and suffer with re-
current urinary tract infections due to bladder over disten-
sion and urine stagnation [12, 48]. The treatment consists
of regular urinary bladder evacuation and administration
of antibiotics. There are two types of problems with bladder
evacuation — the upper motor neuron (UMN) dysfunction
and the lower motor neuron (LMN) dysfunction [12, 48]:

a) The UMN bladder dysfunction is caused by spinal
cord lesions between the pons and the L7 segment. The
hallmark of this lesion is interference with the detrusor
reflex and hyperactivity of the urethral musculature. The
bladder fills with urine, but the dog is not able to urinate.
Upon palpation, the bladder is turgid and it is difficult to
express the urine manually. The intermittent catheteriza-
tion can solve the problem [12, 48].

b) The LMN bladder dysfunction occurs with lesions
of the sacral spinal cord or nerves of the lumbosacral plex-
us. The hallmark of the LMN bladder dysfunction is de-
creased tone of both, detrusor as well as urethral muscula-
ture. This lesion attenuates or abolishes the detrusor reflex
and the dog constantly dribbles urine; decreased or absent
perineal reflexes and sensation accompany the condition.
The application of light abdominal pressure easily evacuate
urine [12, 48].

About 60 % of animals following SCIs suffer with spas-
ticity. Recent studies indicate that the loss of descending
tracts results in the decreased activity of inhibitory inter-
neurons. It causes the over reaction of moto neurons to ex-
citatory stimuli [1, 12, 53]. If spasticity appears in paraple-
gic dogs, medical therapy (administration of drugs acting
within the CNS - baclofen, diazepam or directly on skeletal
muscles — dandrolene) is recommended. In spasticity resis-
tant to pharmacological interventions, there is severing of
the reflex pathways (surgical rhizotomy or myelotomy) [1].

Dogs with paraplegia due to SCI, its chronic comorbidi-
ties, impaired autonomic innervation as well as protective
sensory perception are particularly vulnerable to developing
pressure sores — pressure ulcers (decubitus). They also are at
high risk for the occurrence of recurrent ulcers which can
be life-threatening as a potential source of infections and
sepsis. The pressure ulcer is defined as a soft tissue damage

resulting from prolonged pressure over bony prominences



resulting in ischemia and necrosis [36]. The pathological
sequelae of pressure can be reversed at the ischemic stage if
pressure and supportive factors (e. g. shear, friction and/or
moisture) are excluded. So changing the position of paraple-
gic animal (every 2 hours) and the removal of supportive
factors are effective preventive measures [37, 53]. There are
four clinical stages of pressure ulcers. The sores of stage 1
and 2 positively react to the relief of pressure, debridement
of necrotic skin and subcutaneous fat, control of bacterial
colonization, and nutrition supplementation; the ulcers of
stage 3 demand surgical excision and tissue reconstruction.
The best solution for dogs with deep necrosis involving
bones, joints and tendons (stage 4) is euthanasia. The de-
cision of therapeutic interventions depends on the attitude
and financial situation of the owner [9, 14, 24, 37, 63].

Dogs afflicted with SCI reveal two types of sexual prob-
lems. The tetra-, or paraparesis/tetra- or paraplegia hinders
or excluded copulatory activities, i. e. mounts and intro-
mission in males, lordosis in females [48]. The severe SCI
disrupts the reflex mediated increase in genital blood flow
(required for engorgement of erectile tissues in males and
vasocongestion of clitoris, vaginal wall, and lubrication of
the vaginal surface in females). Even if the sympatheti-
cally mediated arousal is intact, the males have problems
to maintain erection and suffer a retrograde (intravesical)
ejaculation, due to incompetence of the internal urethral
sphincter [48]. As a result, male reproductive function is
significantly affected. On the contrary, the female dogs with
SCI are able to become pregnant, as well as undergo normal

pregnancy and delivery [48].

PROGNOSIS

Dogs with tetraplegia due to the lesion of the cervical
spinal cord have a poor prognosis. Many of them perish
before any therapeutic intervention is available or they are
euthanized immediately after the incident. The financial
burdens of tetraparetic animal’s treatment also are rather
high, so the majority of owners prefer an early euthanasia.

1. In paraparetic/paraplegic dogs with intervertebral
disc herniation (Hansen type 1 disc disease) but intact per-
ception, a decompressive operation (hemilaminectomy or
laminectomy and removal of the disc fragments from the
vertebral canal) is indicated as soon as possible. Following

an active therapy, they can recover completely, their prog-

nosis is considered favourable with surgery [7, 27, 40, 46,
53]. Hansen type 1 disc herniation accompanied by loss of
deep pain sensation (lack of nociception), the prognosis is
less favourable. Decompressive surgery can help to regain
nociception and the ability to ambulate without assistance
in about 60 % of the deep pain negative dogs [55, 63]. Dogs
with paraparesis due to the intervertebral disc protrusion
but intact nociception have a favourable prognosis with
conservative management. The decompressive operation is
not indicated; animals make significant improvements and
are ambulatory with medical treatment only [7, 53].

2. Dogs with vertebral instability due to fracture
and/or luxation, paraplegia and lack of nociception have
a poor prognosis. The surgical revision, decompression of
neural structures and stabilisation of vertebral column is
recommended (it helps to start an early rehabilitation pro-
gramme), however results are dubious, so many owners
prefer euthanasia [9, 31, 53]. A much better prognosis is in
animals with vertebral fractures and/or luxations accompa-
nied with intact sensations. Early surgical decompression
and stabilisation are indicated [9, 31].

3. Clinical observations show that the prognosis in
patients with spinal cord syndromes are significantly more
favourable than in patients with tetra- or paraplegia [26].
As far as recovery of motor function is concerned, the best
outcome was observed in patients with Brown-Séquard
syndrome — 75—90 % of them were able to ambulate inde-
pendently following long-term rehabilitation [26]. On the
other hand, the anterior spinal cord syndrome has a poor
prognosis with only a 10—20 % chance of functional recov-
ery, and even in those with some improvement, the muscle
power is significantly impaired and coordination of move-
ments is insufficient [26, 47]. Patients with posterior spinal
cord syndrome have preserved muscle strength, tempera-
ture and pain sensation, but lost proprioceptive and vibra-
tion sense caudally to the level of the spinal cord lesion.
They generally show the least favourable recovery from
impaired perception. They are able to ambulate, but with
a tendency to falls [26, 47]. The cauda equina syndrome
has a better prognosis for neurological recovery than SCIs
because nerve roots are able to regenerate. The most impor-
tant predictors for a favourable outcome are early diagnosis
and surgical decompression [26, 47].

4. Prognosis for dogs with fibrocartilaginous embo-
lism is generally favourable; the majority of patients will

show recovery of some functions within 2 weeks of me-

53



dicament treatment, but maximal improvement may take
several months [21, 29]. The surgical intervention is not
indicated. The negative prognostic factor is lack of nocicep-
tion [53, 57, 75].

NEW TRENDS IN SCI MANAGEMENT

It is well known, that brain and spinal cord tissue does not
regenerate. That is why the management of SCI in humans
and domestic animals is currently targeted at preservation of
remaining functions and prevention of complications. How-
ever, multiple experimental studies performed on different
laboratory animals brought at least partially positive results,
when therapeutic measures concentrated on:

1. The suppression of a secondary injury cascade by:
the administration of a sodium-channel blocker “riluzole”;
central nervous system stromal cells, antibiotic with anti-
inflammatory properties (including inhibition of tumour
necrosis factor-a, i.e. TNF-q, interleukin 1f, i.e. IL-1p,
cyclooxygenase-2, nitric oxide synthase, i. e. NOS) and mi-
croglial activation “minocyclin”; systemic or local mild hy-
pothermia (33—34°C); more accurate delivery of intrave-
nously injected MPSS bond to ferromagnetic nanoparticles
to the epicentre of the lesion by help of a magnet placed on
exposed dura mater through laminectomy, which reduces
the risk of serious side effects of the methylprednisolone
[3, 22, 23, 25, 29, 35, 37, 41, 43, 58, 59, 71], so all of these
things may prove to be helpful. Clinical utilisation of hypo-
thermia is still controversial, since the systemic hypother-
mia is often accompanied by serious complications and its
results are not unequivocally positive. Obviously, the sys-
temic hypothermia is too complex of a procedure for veter-
inary practice. So local hypothermia by cold saline applied
through laminectomy during the operation together with
potential administration of methylprednisolone seem to be
the most promising method for dogs and cats with acute
SCIs [6, 14, 23]. The clinical utilisation of different strat-
egies and pharmacological agents mentioned in previous
texts are considered experimental therapy, so far.

2. The suppression of spinal cord cell necrosis by
the application of “fibroblast growth factor” i.e. FGF or
“curcumine” (protect against excitotoxic cell death and
mitigate oxygen free radical production); or antiapoptotic
molecules i.e. “valproic acid”, “vitamin E”, “17f-estradiol’,
“melatonine” [27, 37—39, 41, 53, 60, 72].
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3. Restraining of axon demyelination or supporting their
remyelination by cellular therapy [5, 18, 33, 44, 51, 61, 70].

4. Suppression of axon growth and regeneration in-
hibiting proteins expression [15, 44, 69, 71]. Significant
therapeutic opportunities offer the utilisation of endog-
enous and exogenous repair mechanisms, as well as drugs
suppressing the activation of axonal sprouting inhibitors,
e. g. chondroitin sulfate proteoglycans, CSPGs, myelin-
associated glycoproteins, MAGs, oligodendrocyte-myelin
glycoprotein, OMGP, and neurite outgrowth inhibitor-A,
NOGO-A, acting on receptors associated with the Rho-
ROCK pathway, directly able to inhibit neurite growth. In
rat experimental models monoclonal antibodies against
CSPGs, MAGs, OMGP and Nogo-A significantly improved
regeneration of damaged spinal cords [5, 15, 33, 44, 71].
Alongside of a direct inhibition of Rho-ROCK pathway,
another therapeutic modality was discovered. The enzyme
chondroitinase ABC (Ch-ABC) degrades CSPGs in the gli-
al scar and effectively removes initiators of the Rho-ROCK
cascade. In rodent models of SCI, intrathecal or intraparen-
chymal administration of Ch-ABC reduced the expression
of CSPGs as well as scar and cavity volume [11, 37, 71].

5. Support of physiologic production or administra-
tion of guiding molecules directing axonal growth to the
target structures [4, 8, 17, 29, 33, 50, 61, 70].

6. Generation of bridges in post traumatic intramedul-
lary cysts and syringomyelic cavities providing support and
protection for regenerating axons by chitozan microtubules
and/or transplanted progenitor/stem cells [4, 51, 58, 71].

7. Production of regenerative molecules by trans-
planted precursor/stem cells obtained from autologous
bone marrow, fat tissue, olfactory bulbs, olfactory fibres or
ensheathing (Schwann) cells [8, 51, 61, 69, 70].

8. Autotransplantation of modified mesenchymal pre-
cursor/stem cells harvested from adult bone marrow or fat
tissue and expanded in cell cultures to neural, oligodendrit-
ic or astrocytic lines, which are potentially able to replace
damaged spinal cord tissues [3, 18, 33, 50, 51, 61, 70].

CONCLUSION

This review provides an overview of the current infor-
mation on canine spinal cord injuries, their treatment, im-
ply new therapeutic options, and discusses new trends in
SCI research.
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