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Abstract

A lesion of sacrococcygeal spinal nerve roots forming a structure that resembles a horse’s tail
results in the development of clinical entity identified as the cauda equina syndrome (CES). The
disease can evolve slowly and symptomatology can be incomplete, but the fully developed CES
is characterized by pain and altered sensation in the pelvic extremities, tail, perianogenital region,
paresis or plegia of hind limbs, incontinence and impotence. Major causes of CES in dogs are
degenerative changes of the lumbosacral vertebral column, haematoma, inflammation, neoplasm
or trauma. The diagnosis is based on history, clinical presentation, neurological symptomatology,
spinal rontgenography, computed tomography, and magnetic resonance imaging. In animals
experiencing initial episodes of CES, conservative therapy can be attempted. But the only
rational treatment of patients with severe neurological deficit is surgical decompression of the
neural structures. The outcome depends on the underlying aetiology and the degree of sensory,
motor and autonomic dysfunction. Canine and porcine experimental models mimicking the CES
showed the involvement of intrinsic spinal cord structures. This points out the need for an early
diagnosis followed by aggressive management before irreversible neuronal lesions develop. The
search strategy involved the PubMed, Medline, Embase and ISI Web of Science from January
2000 to August 2017 using the terms ‘cauda equina syndrome’ and ‘lumbosacral stenosis’ in
the English language literature; also references from selected papers were scanned and relevant
articles included.

Dog, cauda equina syndrome, diagnostics, therapy, prognosis

The cauda equina syndrome (CES), also reported as cauda equina compression or
degenerative lumbosacral stenosis (DLS) in the literature, is a neurological disorder that
usually occurs in older, large or medium-sized working dogs with a male predisposition
(Linn et al 2003; Worth et al. 2009). The CES develops as a result of simultaneous lesion
of multiple lumbosacral (LS) nerve roots which look like the tail of a horse, i.e. cauda
equina (CE) in Latin (Fletcher 2013). The clinical symptomatology varies according to
the aetiology, degree of compression and individual differences. The early signs of CES
can be inconspicuous or confusing until serious neurological deficit develops (Dewey
2008). The aim of this paper was to provide veterinarians with an overview of current
knowledge related to CES in dogs.

Essential morphological features

The spinal cord (SC) enclosed within the vertebral canal is a direct continuation of the
brain stem. The SC in dogs has 36 segments in total (8 cervical, 13 thoracic, 7 lumbar,
3 sacral, 5 caudal); extending from the 1% cervical nerves to the caudal part of the elongated
cone and consisting of spinal cord segments S2, S3, Cd1-Cd5 (Fletcher 2013). About
1 cm caudal to the last segment, the SC is reduced to a strand of glial and ependymal cells
called the terminal filament. The medullary cone in giant dogs is located at the L6/L7
intervertebral space, in medium dogs at the L7/S1 intervertebral space, in small ones at the
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level of S1 vertebra (Palmer and Chambers 1991; Fletcher 2013). The sacral and caudal
spinal roots continue within the vertebral canal caudally and exit through the respective
intervertebral foramina. At their level, the spinal roots join and become a spinal nerve. At
the terminal part of every dorsal nerve root is an aggregation of pseudounipolar neurons
named the spinal ganglion. Outside the vertebral canal, the L6, L7 and S1 spinal nerves
converge to become a sciatic nerve; the S1-S3 spinal nerves form pelvic and pudendal
nerves; the Cd1-Cd5 form caudal nerves (Palmer and Chambers 1991; Fletcher 2013).
The spinal cord and CE inside the vertebral canal are enveloped by meninges (Plate I, Fig.
D).

The vascular supply of CE is derived from arteries which run along the ventral and dorsal
roots. Each spinal nerve is usually accompanied by one small artery. They are so called
“end arteries” with no effective anastomotic connections to the vasocorona (the surface
vessels) of the spinal cord. The compression of radicular artery at any point may result in
ischaemia of the nerve root. The blood flow in CE continues via their arborized venules
and radicular veins to the right and left vertebral sinuses (Fletcher 2013; Mazensky
et al. 2017).

The dorsal portion of the vertebral canal in the LS region is composed of the laminae
of the L7 vertebra and the sacrum, the interarcuate ligament (yellow ligament) spans the
space between the arches of L7 and S1 vertebra (Palmer and Chambers 1991; Scharf
et al. 2004). The ventral portion of the canal is composed of the body of the L7 vertebra,
the dorsal annulus fibrosus of the L7/S1 intervertebral disc, and the body of the sacral
bone. The arches of the L7 and S1 vertebrae are linked by two joints at articular facets.
The fibrocartilaginous joint between the L7 vertebra and sacral bone is subjected to the
greatest stress during locomotion (Brisson 2010; Bergknut et al. 2013). It is stabilized
by two longitudinal ligaments (ventral and dorsal), the L7-S1 yellow ligament, L7-S1
interspinal ligament, and paraspinal muscles. The canal in the L7 vertebra and sacral bone
is dorsoventrally flattened, and so the nerve roots passing over the L7-S1 disc are more
endangered by compression. The cranial part of the L7/S1 foramen is formed by the caudal
notch of the L7 vertebra, its caudal part by the cranial notch of the sacrum, the ventral part
by the intervertebral disc, and the dorsal part by the articular processes and joint capsules
(Rossi et al. 2004; Worth et al. 2009).

Pathophysiology of the cauda equina syndrome

The CES is a multifactorial pathological condition caused by entrapment of several,
eventually of all CE spinal roots, which results in changes in the intraradicular blood
flow and in nerve fibre dysfunction (Rydevik 1993; Otani et al. 2001; Lorenz et al.
2011). The mechanical constriction may also lead to different neural tissue reactions,
e. g. oedema formation, demyelination, and fibrosis (Kobayashi et al. 2004). The
porcine CES model revealed that venules in the CE begin to occlude at the pressure of
5 mm Hg. The blood flow in arterioles stopped when the compressing force surpassed the
mean arterial pressure (Olmaker et al. 1992). Canine experimental studies showed that
10 mm Hg compression affected the nerve conduction velocity (Yoshizawa et al. 1989;
Otani etal. 2001). This explains the characteristic motor disturbance known as intermittent
neurogenic claudication — the typical symptoms that appear after lumbar spine extension
and that are relieved after a change of position (De Risio et al. 2000). It suggests that
extension of the L7-S1 junction along with the propulsion forces acting on L7-S1 disc may
cause a critical narrowing of the spinal canal (Worth et al. 2009; Meij and Bergknut
2010). It is generally accepted that pain in the LS region results from irritation of vertebral
bodies, ligaments, the facet articular cartilages and joint capsules; radicular pain results
from direct irritation of dorsal roots (Palmer and Chambers 1991; Meij and Bergknut
2010). It projects to their dermatomes and is often associated with paraesthesias (Lorenz
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et al. 2011). Additional pathomechanisms of radicular pain can be nerve root irritation
induced by proteoglycans released from the intervertebral discs, an increased level of lactic
acid, and a decreased pH (Rydevik 1993; Orendacova et al. 2001). Neuropathologic
changes in S1-Cd5 dorsal root fibres were observed, accompanied by the degeneration
of small neurons located in Rexed lamina VII, and by the retrograde degeneration of
motoneurons in the ventral horn (Rexed lamina IX) of the S1-S3 spinal cord segments
following 9-day constrictions of CE in a canine experimental model (Marsala et al. 1995).

Actiology of the cauda equina syndrome

Important pathologic processes creating CE compression in dogs are (DLS), neoplasms,
haemorrhage, infection, and trauma. The most common cause of CES in dogs are changes
in the L7-S1 joint and the surrounding structures. They are responsible for the transmission
of propulsion deriving from the pelvic extremities (Linn et al. 2003; Worth et al. 2009;
Bergknut etal. 2013). The forces acting on this segment of the vertebral column are mostly
those of flexion and extension. They are strong, and so the lumbo-sacral articulation and
L7-S1 intervertebral disc predispose to degeneration (Hansen type II disc disease). The
DLS or LS vertebral canal stenosis is an acquired degenerative disease causing reduction
in the diameter of the lumbosacral spinal canal and its foramina (Palmer and Chambers
1991; Worth et al. 2009). As a consequence, the nerve structure compression appears,
accompanied with an inflammatory reaction in the CE and adjacent structures (Tan
et al. 2013).

The dogs with lumbosacral transitional vertebraec (LTV), especially those with
asymmetrical LTV, are affected more often and at a younger age with DLS and CES
(Flickiger et al. 2006). The altered mobility and distribution of propulsion forces in
lumbosacral joints cause premature degeneration of the intervertebral discs, malarticulation/
malformation of the lumbosacral junction combined with dysplasia of the articular
processes of L7/L8 vertebrae leading to CES, sometimes with a unilateral preponderance
of symptoms (Lappalainen et al. 2012). The highest prevalence of LTV was observed in
German Shepherds (Scharf et al. 2004; Lappalainen et al. 2012; Fialova et al. 2014).

Many different types of benign or malignant neoplasms (arising from nerve roots,
meninges, lumbar vertebrae, sacral bone, or metastatic) may affect the CE by compression
or infiltration (Bagley and Gokaslan 2004). The most common primary malignant
tumours occurring in this region are osteo-, chondro- or fibrosarcomas, less frequent are
plasmocytomas. The benign neoplasms are meningiomas, Schwannomas, neurofibromas,
or ependymomas (Bagley and Gokaslan 2004; Pang and Argyle 2016). A typical
feature of neoplastic CE compression is an inconspicuous onset and slow progression of
symptoms, until the critical point is reached. Then, the situation suddenly impairs (Dewey
2008; Lorenz et al. 2011). The proximity of the lumbosacral junction to the sublumbar
lymphatic vessels and nodes, responsible for the drainage of the perineal area, prostate,
uterus, rectum, urinary bladder and pelvic limbs, make this area a preferred location for
metastases. The symptomatology mimicking CES can also appear in the case of neoplasm
affecting the nerves formed from the L5-Cd5 spinal nerve roots, e. g. the sciatic nerve
(Trebacz and Galaty 2016).

An epidural haematoma (EDH) is a rare spinal pathology (Orendacova et al. 2001;
Kebaish and Awad 2004; Minish et al. 2015). Its clinical presentation depends on its
location and the degree of SC/CE compression. It manifests itself by a combination of pain
and neurological deficit. The spinal EDH is most frequently caused by spontaneous venous
bleeding, but vertebral fractures, lumbar puncture, vascular anomalies, and spinal tumours
can be aetiological factors, too (Kebaish and Awad 2004).

The most common infection of the lumbosacral junction is discospondylitis (Velissaris
et al. 2009; Rutges et al. 2016). Sometimes multiple discs are affected. The aetiology
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is bacterial or fungal; microorganisms gain access to the disk by haematogenous way,
eventually they are inoculated directly in cases of penetrating injuries or therapeutic
interventions (Nota etal. 2015; Rutges et al. 2016). Discospondylitis is extremely painful.
Dogs afflicted with this disease suffer from a progressive paraparesis and ataxia. They have
fever and are seriously ill (Rosc-Bereza et al. 2013). The diagnosis is facilitated by MRI
and bacteriological tests (Lorenz etal. 2011; Rosc-Bereza etal. 2013). If spinal epidural
abscess (SEA) or spinal subdural empyema (SSE) develops, the situation constitutes an
emergency (Velissaris et al. 2009).

Traumatic CES, especially caused by traffic accidents, are a common problem in dogs.
It should be considered in cases with an acute form of presentation (Orendacova et al.
2001; Thongtrangan et al. 2004). The patient may suffer significant damage to several
body systems that pose more immediate threats to its life than an injury of CE. Therefore,
when evaluating an animal with a neurologic deficit due to suspect trauma it is necessary
to assess the overall stability of the organism (Webb et al. 2010). The management is
modified according to the specific clinical situation.

Clinical symptomatology

The affected animals are usually large or medium sized, older, male dogs, with German
Shepherds prevailing. Other affected breeds include Great Danes, Airedale Terriers, Irish
Setters, English Springer Spaniels, Boxers, and Labrador and Golden Retrievers (Priester
1976; Worth et al. 2009; Brisson 2010). The CES is presented in dogs by a combination
of clinical signs caused by damage to L7-Cd5 nerve roots (Dewey 2008; Worth et al.
2009). The most common symptom is lumbar pain (Worth et al. 2009; Lorenz et al.
2011). It may be caused by a nerve root entrapment, damage to the annulus fibrosus,
degenerative changes of the articular processes and joints, or direct irritation to the dura
mater. A pressure exerted over the lumbosacral area, hyperextension of the lumbar spine,
and hip joint extension evoke symptoms of pain and discomfort (De Risio et al. 2000;
Mayhew etal. 2002; De Decker et al. 2014). Occasionally, dogs may keep a pelvic limb
off the ground (root signature), paraparesis may also develop. Sometimes dogs assume
a crouched stance with overflexion of the hip, stifle and hock joints. They are characterized
by a shortened and choppy stride, often yelp and hold up the limb. The paresis may result in
a dog standing on top of the toes (knuckling) and subsequently ambulating on the dorsum
of the paw (Palmer and Chambers 1991; Lorenz et al. 2011). Pelvic limb lameness is
usually pronounced when the dog goes upwards or rises from a prone position. Pelvic limb
lameness and weakness worsen with exercise. Animals may be reluctant to raise or wag
their tails. Exercises and jumping are often avoided because they result in pain (De Risio
et al. 2000). The impairment of motor functions also results in weakness or paralysis of the
tail, manifested by inability to wag the tail or raise it during urination or defecation. The
loss of sensation (analgesia) or abnormal sensation (dysesthesia or hypesthesia) and pain
(hyperpathia) can result in licking, chewing or self-mutilating the back of the dog’s thighs,
lateral regions of the feet and toes, perineum, tail, genitalia (Mayhew et al. 2002). The
most advanced cases can evolve into full paralysis. Abnormalities of urination, defecation
and sexual functions are commonly associated with lesions of sacral nerve roots, too
(McMurray et al. 2006; Lorenz et al. 2011). Urinary incontinence in dogs is highly
variable. It ranges from occasional overflow of urine during sleep to constant dribbling.
The urinary bladder is flaccid and distended as a result of a poor detrusor reflex, while
the sphincter tone is still maintained, since innervation by the hypogastric nerve remains
intact (Fowler 1999; McMurray et al. 2006). Abnormalities of defecation include
inability to maintain a posture or to change a position, straining in defecation, and faecal
incontinence. The anal sphincter can be atonic and the perineal reflex weak or absent
(Lorenz et al. 2011). Dogs afflicted with CES manifest two types of sexual problems.
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Pain in the LS region hinders copulatory activities, i.e. mounts and intromissions in males,
lordosis in females (McMurray et al. 2006). Severe CE lesions disrupt reflex-mediated
increase in the 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 sympathetically mediated arousal is intact, males have problems to maintain
erection and suffer of retrograde ejaculation due to incompetence of the internal urethral
sphincter (McMurray et al. 2006). As a result, male reproductive function is significantly
affected. On the contrary, female dogs with CES are able to become pregnant, undergo
normal pregnancy, and delivery (McMurray et al. 2006).

Diagnostics

The diagnosis of CES in dogs is based upon a careful analysis of the dog’s history obtained
from the owner, correct interpretation of physical findings, results of ancillary testing and
imaging methods (Meij and Bergknut 2010; De Decker et al. 2014). Large breeds,
medium to older age, and male sex are factors that increase the probability of occurrence
of a degenerative lumbosacral stenosis in affected dogs. Back pain and radiculopathy
accompanied with heterogenous neurological symptomatology suggest the presence of
epidural or subdural haemorrhage; hyperpyrexia, excessive pain, sudden rise of serious
neurologic deficit, and prostration are characteristic for spinal infections; slow progression
is typical of neoplastic expansive lesions; an acute CES is usually caused by trauma (Linn
et al. 2003; Dewey 2008; Webb et al. 2010; De Decker et al. 2014; Nota et al. 2015).
A microbiological test and histopathologic examination of tissue samples are necessary for
the indication of appropriate treatment strategies in intraspinal inflammations or tumours
(Pang and Argyle 2016; Rutges et al. 2016).

Neurological examination

The animal is usually presented with a history of lumbosacral pain. The gait may be
choppy with a plantigrade stance of pelvic limbs. A postural reaction deficit may be
observed with hopping or hemiwalking. Proprioceptive positioning may be delayed, the
withdrawal reflex reduced. The cranial tibial and gastrocnemius reflexes may be reduced or
absent. In some animals, the patellar reflex appears brisk (patellar pseudohyperreflexia) due
to loss of resistance from the flexors innervated by the sciatic nerve (Dewey 2008; Meij
and Bergknut 2010). With the passive range of motion of the palvic limb, it is possible
to observe hypotonia of a quality of the paresis or paralysis. Similarly, decreased tail tone
may be apparent (Scharf et al. 2004; Lorenz et al. 2011). On palpation, the examiner can
detect atrophy of the semimembranosus, semitendinosus, gastrocnemius, and cranial tibial
muscles. The perineal reflex may be reduced or absent. Rectal examination may reveal
a dilated sphincter. The bladder may be enlarged, but urine is easily expressed manually.
Alternatively, one may notice constant dribbling of urine; the perineum wet with urine is
an important symptom of incontinence in female dogs (Palmer and Chambers 1991;
Suwankong et al. 2008). The urinalysis may reveal bacteriuria secondary to urethral
sphincter incompetence (Fowler 1999).

Electrodiagnostic studies, especially electromyography and somatosensory evoked
potentials, routinely employed in human neurology, are gaining growing popularity in
veterinary medicine, as well (Shahmohammadi et al. 2016). Electromyography which is
able to identify the impaired neural conduction to muscles of pelvic extremities, perineum
and tail can be very helpful in differential diagnosis between CES and orthopeadic diseases
mimicking this clinical entity. Somatosensory evoked potentials elicited by stimulation of
peripheral branches of CE nerve roots (e.g. the tibial nerve) may be used in monitoring
the recovery of neural functions and in the assessment of the effect of employed therapy
(Szilasiova 2011).
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Lumbar cerebrospinal fluid analysis

In dogs, cerebrospinal fluid (CSF) for analysis is collected from the cerebellomedullary
cistern or the lumbar subarachnoid space. The important things to follow in CSF are the
total nuclear cell count, differential cell count, total protein concentration, bacteriological
and cytological examinations; however, changes are not specific. The CSF analysis in
dogs with spinal pathology is useful only when the results are correlated with the history,
clinical findings and imaging studies (Dewey 2008; Lorenz et al. 2011). To establish the
diagnosis by this method is possible only in situations where microorganisms or neoplastic
cells are identified in CSF samples (Musteata et al. 2013; Hugo et al. 2014).

Imaging diagnostic techniques

Diagnosis of different abnormalities of the lumbosacral vertebral canal relies heavily on
the imaging procedures (Mayhew et al. 2002; Brisson 2010). The most frequently used
techniques are plain rontgenography (Plate I, Fig. 2), dynamic X-rays (i. e. laterolateral
(LL) radiograms of vertebral column in flexion and extension), CT, and MRI. Plain X-ray
remains not only a useful screening method, but dynamic x-ray images can show the
instability of the L-S junction (Hylands 2007; Da Costa and Samii 2010). On the other
hand, plain X-rays do not supply information on the soft tissues (Hylands 2007). Invasive
techniques (myelography, epidurography, discography, spinal venography), used in the
pre-CT era, are considered obsolete at present (Rossi et al. 2004).

The CT supplies images without superimposition of the surrounding tissues and allows
CT reconstructions in different planes (Plate II, Fig. 3). The resolution of CT is excellent
for hard tissues (the density of bones is 700—1000 HU) and very good for fresh blood
(40-90 HU), but soft tissues (ligaments, nerve roots) are not visualized with the same level
of detail (Lee et al. 2013). On the contrary, the presentation of fresh blood or disorders of
bony structures by MR is less reliable. That is why CT is an excellent method in diagnostics
of vertebral fractures/luxations (especially when routine examination is completed with the
utilization of a 3D-reconstruction technique) and epidural or subdural haematomas. In CES
caused by intraspinal bleeding, CT shows a distinct, hyperintense (45—70 HU) extradural
or subdural mass (Da Costa and Samii 2010).

The best imaging method employed in the diagnostics of degenerative changes of
vertebral column, spinal neoplasms or disco-vertebral infections in dogs is MRI (Rossi
etal. 2004; Hylands 2007; Da Costa and Samii 2010). It provides excellent information
on the condition of the soft tissues, i.e. intervertebral discs, ligaments, meninges, epidural
and subdural space, spinal cord and CE (Plate II, Fig. 4). The parasagittal and transverse
(axial) reconstructions can even show the situation in vertebral foramina. That is why many
of older techniques are gradually abandoned (Da Costa and Samii 2010).

However, it is important to emphasize that neither CT nor MRI are perfect. Results
of these studies must always be correlated with clinical presentation (Suwankong et al.
2006). The same recommendation concerns the fact that clinical signs present in canine hip
dysplasia (e.g. decreased activity, reluctance to rise, jump, run, climb stairs, lameness in the
pelvic extremity, pain, stiffness, loss of thigh muscles) can mimic a situation seen in DLS
and CES (Brisson 2010; Ginja etal. 2010; De Decker etal. 2014; Syrcle 2017). While
the hip dysplasia is an orthopaedic disease characterized by joint laxity, grinding, pain
and/or reduced range of motion in the coxo-femoral joint, but missing a neurological
deficit, the fully developed CES reveals typical symptomatology of a L7-Cd5 spinal nerve
roots lesion (Dewey 2008; Suwankong et al. 2008; Lorenz et al. 2011). The definite
diagnosis may require X-rays, CT or MRI examination as well as electrodiagnostic studies
which are able to exclude the nerve root entrapment (Szilasiova 2011; Shahmohammadi
et al. 2016).
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Therapy of cauda equina syndrome

The majority of studies dealing with human CES emphasize that an early diagnosis and
treatment before a sphincter dysfunction develops [i.e. sooner than the incipient cauda
equina syndrome (CESI) progresses to the cauda equina syndrome with retention (CESR)],
is crucial for a satisfactory outcome (Gleave and MacFarlane 2002; De Long et al.
2008). The same principle should be applied to animals (Fowler 1999). The treatment
options for canine CES are conservative (medical) and surgical therapy (Linn et al. 2003;
De Decker et al. 2014). The decision for one of these modalities depends on several
variables, e.g. the age of the animal, intentions of the owner, the severity of clinical
symptomatology, or the existence of serious comorbities (Palmer etal. 1991; Suwankong
et al. 2008).

The medical treatment may be effective in dogs with lumbosacral pain without deficit,
especially in patients experiencing an initial episode of the disease (Dewey 2008). It
consists of exercise restriction and administration of nonsteroidal anti-inflammatory
drugs (NSAID). In the case of concomitant obesity, the diet is modified. The animal
should be confined and allowed to walk only on leash for 4-6 weeks (Worth et al. 2009;
Meij and Bergknut 2010). During this period, administration of NSAIDs is indicated
(De Decker et al. 2014). However, NSAIDs can endanger the patient by gastrointestinal
bleeding, development of gastroduodenal ulcers, arterial hypertension, and hepatic or renal
complications. Diclofenac and ibuprofen have less serious side effects, and are therefore
preferred currently (Vifiuela-Fernandez et al. 2007). Chemotherapy by cytostatic drugs
is indicated in CES caused by chemosensitive malignant tumours (Pang and Argyle 2016).

In dogs with a light neurologic deficit, a combined administration of opioid analgesics
or tramadol with corticosteroids can be used (e. g. methylprednisolone at 0.5 to
1.0 mg/kg/day for 2—4 weeks, eventually 1.0 mg/kg methylprednisolone administered
epidurally on days 1, 14, and 42; Brisson 2010). The side effects of corticosteroids
are more frequent than those of NSAIDs, so their concomitant administration is strictly
contraindicated (De Decker et al. 2014). The treatment of choice in dogs with CES
caused by discospondylitis presenting by minimal neurologic deficit is the administration
of antibiotics or antifungal drugs (following the identification of microorganisms) for
4-6 months (Rutges et al. 2016).

The efficacy of conservative management of DLS or CESI is variable (De Decker
et al. 2014). Dogs with more pronounced symptomatology are more likely to benefit from
surgical intervention (Linn etal. 2003). The timing of surgical decompression is not exactly
defined, but if the critical compression of CE is exceeded, a neurological deficit will be an
inevitable consequence. Thus, in dogs suffering from paresis/plegia and urinary retention,
the relief of neural structures is urgent (De Long et al. 2008). Some neuroscientists
believe that only this approach may prevent the development of intramedullary lesions and
irreversible sequelae (Marsala etal. 1995; Orendacova et al. 2001). The type of surgical
therapy depends on the actiology. The principle is a thorough decompression of neural
structures by a laminectomy which may be combined with a partial discectomy and nucleus
pulpectomy (Palmer and Chambers 1991). The decompression can be combined with an
internal fixation of the lumbosacral junction if L7/S1 instability is present (Johnson and
Dunning 2005). The goal of surgery in animals with CES caused by traumatic events
is the decompression of nerve roots, reposition of fragments, and stabilization of the
vertebral column (Johnson and Dunning 2005). The fixation techniques require specific
equipment and technical expertise. Therefore, they should be performed by an experienced
veterinary orthopaedist (Palmer and Chambers 1991). A surgical intervention is indicated
in CES caused by epidural or subdural haematoma, epidural abscess or subdural empyema
and benign intraspinal neoplasms (Bagley and Gokaslan 2004; Kebaish and Awad
2004; Minish et al. 2015).
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The postoperative care is very important. It requires administration of analgesics
(e.g. tramadol or opioids at 68 h intervals for 1-2 days) and strict reduction of physical
activity for several days. Supportive care with intravenous fluid therapy should be provided
until the animal begins to eat and drink (Palmer and Chambers 1991). If the patient is
not able to urinate, it is necessary to empty urinary bladder with manual expression every
4-6 h (McMurray etal. 2006). In severely paraparetic or paraplegic animals, soft bedding
and frequent repositioning help prevent the development of pressure sores. Some authors
recommend three weeks of confinement to a small room or cage after the surgery, others
permit the dog to walk slowly on a leash as soon as the actual condition of the animal
allows it (Palmer and Chambers 1991). If necessary, additional support of pelvic limbs
may be employed. Animals may require occasional medication for discomfort. A positive
therapeutic effect of laser beam that facilitates tissue healing and regenerative processes
may be utilized as well (Zielinska et al. 2017). A specific program of physiotherapy for
several weeks should be outlined on an individual basis. It is aimed at regulating the dog’s
weight and improving its endurance, fitness and joint mobility (Nas et al. 2015).

Prognosis

The outcome in CES depends mainly on the actiology and degree of the neurologic
deficit, but several additional factors (e.g. the age of the dog, severity and chronicity of
clinical signs, and assignation/further exploitation) also play their role in the prognosis
(Linn et al. 2003; Suwankong et al. 2008). The majority of dogs with symptomatology
limited to pain, reluctance to jump or tenderness when getting up will usually improve
with rest, however, some of them may eventually need surgery. An overall improvement
after surgery is reported in the range of 76-93% (Suwankong et al. 2008). On the other
hand, the recovery of neural functions in dogs with long-lasting symptomatology is
generally slow and may never be complete in spite of thorough surgical release of neural
structures, elimination of the underlying mechanical problem, proper after-treatment, and
expert physiotherapy (Linn et al. 2003). For example, in a group of 156 surgically treated
dogs with CES caused by DLS, walking on stairs, assuming a sitting position, and tail
movement improved only in 57%; stiffness, toe dragging, and tail tone in 50%; and urinary
incontinence in 38% (Suwankong et al. 2008). That is why dogs older than 9 years with
chronic pelvic limb paresis/plegia, muscle atrophy, urinary and/or faecal incontinence, and
impotence due to CES are unlikely to return to previous activities or the breeding process
(Linn et al. 2003; Webb et al. 2010).

The prognosis in spinal neoplasms is variable. Generally, it depends on the severity of the
neurologic deficit, tumour type, location and duration of nerve root compression. Benign
neoplasms (especially meningiomas and Schwannomas) and some malignant processes
(e.g. plasma cell tumours) have a good prognosis with appropriate therapy (Bagley and
Gokaslan 2004; Pang and Argyle 2016).

The prognosis in bacterial spinal infection depends on the response of microorganisms
to antibiotic therapy. The outcome in CES caused by fungal discospondylitis or abscess is
usually unfavourable (Velissaris et al. 2009).

The CES is a legitimate indication for euthanasia if permanent severe pain and/or
neurological deficit cannot be relieved (Worth et al. 2009).
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