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Hereditary myelopathies in dogs
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Diagnostic Laboratory, School of Veterinary Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki,
Thessaloniki, Greece

ABSTRACT: The purpose of the current review is to summarize data regarding hereditary myelopathies in dogs.
Canine degenerative myelopathy (DM) is a progressive disease prevalent in senior (=8 years old), large breed-dogs,
predominating in German shepherd dog. Neurolocalization indicates a thoracolumbar, upper motor neuron, lesion; it
can progress to the thoracic limbs and later to lower motor neurons of all limbs resembling human amyotrophic lateral
sclerosis (ALS). Tentative diagnosis is based on ruling out other progressive myelopathies. Clinical similarities be-
tween ALS and DM made superoxide dismutase 1 gene (SOD1) a viable candidate gene as an etiopathogenic factor.
A E40K missense mutation of the SOD1 has been linked to DM. A genetic test for DM exists, which will aid breeding
programs to eliminate the disease. Exercise and physiotherapy are important to slow the progression of DM. Long-term
prognosis is poor as dogs become non-ambulatory within 4-6 months from the time of diagnosis. Dystrophic myelopa-
thies include Afgan hound myelopathy/hereditary necrotizing myelopathy in Kooikerhondje dogs, leukoencephalomy-
elopathy and neuroaxonal dystrophy in Rottweilers and spongiform leukoencephalomyelopathy. A similar myelopathy
is Jack Russell and Fox terrier hereditary ataxia. Their etiology is suspected to be hereditary and they appear at a young
age. They are diagnosed solely postmortem with histopathological examination. There is no etiologic treatment and
the prognosis is poor except for Rottweiler neuroaxonal dystrophy and Jack Russel ataxia due to the extremely slow
progression of symptoms. Syringomyelia is characterized by the formation of fluid filled cavities within the spinal cord
and outside the central canal that may communicate with the central canal and it is caused mainly due to Chari-like
malformation (CLM). The most important clinical sign is neuropathic pain and is localized in the cervical region of the
spinal cord. Progression of the disease varies, there are severe disabilities due to pain or it can be an incidental finding.
CT and MRI are the preferable ways to detect the lesions. For CLM, therapy includes surgical and medical manage-
ment. Drugs can be divided into analgesics (non-steroidal anti-inflammatory, gabapentin, pregabalin, tramadol), drugs
reducing cerebrospinal fluid (CSF) production (omeprazole, acetazolamide, furosemide) and corticosteroids. Medical
therapy diminishes the severity of clinical signs but never succeeds full resolution.
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INTRODUCTION

he etiology of myelopathies is multifactorial.
Clinical signs depend on the location, size, and

2016). The

current review focuses on the most im-

portant hereditary myelopathies in dogs. Summarized
data of the hereditary myelopathies are found in Ta-

the rate of lesion development (Dewey and da Costa, bles 1 and 2.
Table 1. Summarizing data regarding hereditary myelopathies
Hereditary Etiology Lesion Therapy Prognosis
myelopathies Affected breeds localization
Degenerative Proteins generated from GSD, PWC, other T3-L3 spinal Physio-  Poor
myelopathy the mutation of SOD1 large- and mixed- cord segments  therapy
gene (E40K) breed
Dystrophic myelopathies
Afgan hound Autosomal recessive mode Afgan hound, C6-T2 or T3-L3 None Poor
myelopathy of inheritance Kooikerhondje spinal cord
Rottweiler Suspected inherited Rottweiler, Cervical spinal None Poor
leukoencephalopathy  disorder Rottweiler cord, brainstem,
crossbreed cerebellum
Rottweiler neuroaxonal Inherited disorder Rottweiler Cervical spinal None Guarded
dystrophy cord
Spongiform Suspected genetically Dalmatian, Cervical spinal None Poor
leukoencephalopathy  inherited enzyme Miniature, Poodle,  cord, brain
deficiency Border Terriers
Jack Russel/Fox- Autosomal recessive mode Jack Russell terrier, Cervical spinal None Guarded to
terrier ataxia of inheritance (CAPN1 Smooth-coated Fox cord, brainstem poor
gene, KCNJ10 gene) terriers
Ibizan hound, Parson
Russell terriers
Syringomyelia CLM, spinal cord/brain CKCS, any breed Cervical spinal ~ Surgical Good to poor
(Hydromyelia) malformation, spinal cord Medical (depends on

cord trauma, obstructive
inflammatory/neoplastic

lesions

Syrinx size)

CKCS, Cavalier King Charles Spaniel;CLM, Chiari-like malformation;GSD, German Shepherd;PWC, Pembroke Welsh Corgi; SOD1, Superoxidase

dismutase 1

Table 2. Major clinicopathological findings of the hereditary myelopathies

Hereditary myelopathies

Anatomical region affected

Clinicopathological findings

Degenerative myelopathy

Dystrophic myelopathies

T3-L3 spinal cord segments

Dorsal portion of lateral and dorsal funiculi
of the white matter:
axon degeneration, myelin loss

Afgan hound myelopathy

C6-T2, T3-L3 spinal cord

Dorsal and ventro-medial white matter:
myelin loss, vessel proliferation

Rottweiler leukoencephalopathy

Cervical spinal cord

Brainstem/Cerebellar

Dorsolateral funiculi of the white matter:
demyelinating lesions
Demyelinating lesions

Rottweiler neuroaxonal dystrophy

Cervical spinal cord

Dorsal horn grey matter: dystrophic axons

Spongiform leukoencephalopathy

Cervical spinal cord, brain

Spongiform change of the white matter,
diminished myelin content, absence of
microgliosis, Rosenthal fibers (astrocytic
inclusion bodies)

Jack Russel/Fox-terrier ataxia
Syringomyelia (Hydromyelia)

Cervical spinal cord
Cervical spinal cord

Dorsal and ventral funiculi
Fluid-filled dilatation +/- communication
with spinal canal
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DEGENERATIVE MYELOPATHY (DM)

Degenerative myelopathy (DM) in dogs was first
described by Averill in 1973 as a specific degenera-
tive spinal cord disease (Kathmann et al 2006; Grang-
er and Neeves, 2015).

Canine degenerative myelopathy is a slow, pro-
gressive neurodegenerative disease prevalent in sev-
eral dog breeds (Griffiths and Duncan, 1975; Barclay
and Haines, 1994; Coates et al. 2007; Awano et al.
2009; Holder et al. 2014; March et al. 2009; Miller
et al. 2009). It has been recognized for > 35 years as
a spontaneously occurring, adult-onset spinal cord
disorder (Awano et al. 2009). Early neuroanatomical
localization indicates a lesion between the 3™ thorac-
ic (T3) and the 3 lumbar (L3) spinal cord segments
(Kathmann et al. 2006; Coates et al. 2007; Awano et
al. 2009; Miller et al. 2009) and in lumbosacral spi-
nal cord (Kathmannet al. 2006). Initially the disease
is thought to be breed-specific to German Shepherds
(GSD), thus named German shepherd myelopathy
(Braund and Vandevelde, 1978; Longhofer et al.
1990; Barclay and Haines, 1994; Coates et al. 2007;
Awano et al. 2009; March et al. 2009; Holder et al.
2014). However, other large breeds, including Old
English sheepdog, Belgian shepherd, Collie, Giant
Schnauzer, Labrador retriever, Borzoi, Soft-coated
Wheaten terrier, Mastiff (Kathmann et al. 2006), Rho-
desian Ridgeback, Boxer, Chesapeake Bay Retriever
(Long et al. 2009; Granger and Neeves, 2015), Hov-
awart, Bernese Mountain dog, Kuvasz (Kathmann
et al. 2006), Pug and Cavalier King Charles spaniel
(Granger and Neeves, 2015), along with mixed-breed
dogs have been reported to develop the disease. Pem-
broke Welsh Corgi (PWC) is a breed commonly af-
fected by DM (Coates et al. 2007; Long et al. 2009;
Miller et al. 2009; Granger and Neeves, 2015). DM
is confirmed histologically in 3 closely related Sibe-
rian husky dogs, suggesting that hereditary factors
may be involved in the pathogenesis (Bichsel et al.
1983). Interestingly, there is a feline case report with
a presumed histopathological diagnosis of degenera-
tive myelopathy due to the histopathological similar-
ities identified in the thoracolumbar segments and the
cause of the lesion that is not apparent (Mesfin et al.
1980).

There is no sex predilection in DM (Kathmann
et al. 2006; Awano et al. 2009; Granger and Neeves,
2015), although in affecting PWC there is a predom-
inance of females (Coates et al. 2007). Most dogs
are at least 8 years of age before the onset of clinical

signs (Griffiths and Duncan, 1975; Kathmann et al.
2006; Awano et al. 2009; Crisp et al. 2014; Holder
et al. 2014; Granger and Neeves, 2015), but young
dogs can be affected as well (Coates et al. 2007; Po-
lizopoulou et al. 2008). Interestingly, there are re-
ported cases in 2 juvenile German Shepherds (6 and
7 months old) that present symptoms compatible to
DM, which is confirmed histologically (Longhofer
et al. 1990). On the contrary, in DM-affected PWC,
there is a slightly older age distribution (median age
11 years) compared with previous studies (Coates et
al. 2007; March et al. 2009). The initial clinical sign is
a spastic and general proprioceptive ataxia and pare-
sis of the pelvic limbs (Longhofer et al. 1990; Barclay
and Haines, 1994; Kathmann et al. 2006; Awano et al.
2009; March et al. 2009; Crisp et al. 2014; Granger
and Neeves, 2015). The asymmetric/symmetric weak-
ness frequently progresses to paraplegia (Polizopou-
lou et al. 2008; Awano et al. 2009). At this stage of the
disease, the preservation of spinal reflexes indicate an
upper motor neuron paresis (Kathmann et al. 2006;
Awano et al. 2009) although the patellar reflex can be
decreased or abolished because of lesions in the dor-
sal nerve root ganglia (Miller et al. 2009). Pain sen-
sation, bladder control and the panniculus reflex are
normal (Griffiths and Duncan, 1975). Hyporeflexia of
the myotatic and withdrawal reflexes occur in the ad-
vanced disease stage (Kathmann et al. 2006; Awano et
al. 2009). In dogs that are not euthanized, the disease
progresses and thoracic limbs may be affected (Bar-
clay and Haines, 1994; Awano et al. 2009; Miller et al.
2009; Crisp et al. 2014). In advanced DM cases, dogs
may also exhibit signs of lower motor neuron disease,
including flaccid tetraparesis, generalized muscle at-
rophy and hyporeflexia of all limbs (Kathmann et al.
2006; Awano et al. 2009; Miller et al. 2009). The dis-
ease duration can exceed 3 years however; most dog
owners elect euthanasia within 6 months to a year of
diagnosis and after they become paraplegic (Awano et
al. 2009). Clinical progression of DM in PWC is sim-
ilar to that of DM in GSD and other described breeds,
however, it is characterized by a longer duration (19
months versus 6 months) (Coates et al. 2007). Many
affected dogs may survive with supportive nursing
care until respiratory failure develops, which has been
reported to occur 3 years or later after the disease on-
set (Nakamae et al. 2015).

Tentative antemortem diagnosis is based upon rul-
ing out other diseases causing progressive myelopa-
thy (Coates et al. 2007; Granger and Neeves, 2015).
Common differentials include spinal cord compres-
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sion, inflammatory disease and neoplasia (Griffiths
and Duncan, 1975; Jones et al. 2005; Coates et al.
2007). Hip dysplasia and lumbosacral stenosis can
often be confused with DM, but the neurologic defi-
cits are different if a careful examination is performed
(Griffiths and Duncan, 1975; Coates et al. 2007). It
is worth remembering that hip dysplasia can often
co-exist with DM and exaggerate the signs seen in
the latter disease (Griffiths and Duncan, 1975). Ini-
tial tentative diagnosis is based on signalment (old-
er large-breed dogs) and onset of clinical sigs (slow
progression) (Kathmann et al. 2006). The proposed
diagnostic investigation includes advanced diagnos-
tic imaging techniques (computed tomography-CT,
magnetic resonance imaging-MRI), along with ce-
rebrospinal fluid (CSF) analysis (Jones et al. 2005;
Kathmann et al. 2006; Coates et al. 2007). Results of
CSF analysis are usually unremarkable although oc-
casionally increased protein concentration is noted,
especially when samples are collected via a lumbar
tap (Kathmann et al. 2006). Morphologic character-
istics such as spinal stenosis, focal attenuation of the
subarachnoid space, spinal cord deformity, small spi-
nal cord and paraspinal muscle atrophy are common
in DM dogs detected via computed tomography com-
bined with myelography (Jones et al. 2005).

Clinical similarities between amyotrophic lateral
sclerosis (ALS) and DM lead to the investigation of
superoxide dismutase 1 (SODI1), a gene potentially
involved in DM pathogenesis (Awano et al. 2009;
Holder et al. 2014; Ivansson et al. 2016). In humans,
ALS is a disease typically seen between the ages of 45
and 60, where degeneration of upper and lower motor
neurons culminates in paralysis and death (Holder et
al. 2014). Studies suggest SODI1 activity is unaffected
by the presence of SOD1 mutations. Instead, proteins
encoded by the mutation version of the gene demon-
strate an increased propensity to form aggregates. The
relationship of this finding to the pathogenesis of neu-
ronal dysfunction seen in ALS and DM is to be elu-
cidated (Holder et al. 2014). However, while SOD1
mutation homozygosis is a predisposing risk fac-
tor, some affected animals do not have the mutation
(Awano et al. 2009; Chang et al. 2013). Furthermore,
carrier dogs might not develop the disease (Awano et
al. 2009; Chang et al. 2013).

There is a study including at risk-PWC dogs ho-
mozygous for the SOD1 risk allele, detecting genetic
modifier loci that are differentiated between dogs that
developed the disease early and dogs that did not de-

velop the disease even at an advanced age (Ivansson
et al. 2016). The study results suggest that the mu-
tant SOD1 proteins accumulate in reactive astrocytes
during the early phase of DM pathology, which may
contribute to subclinical neurodegeneration (Ko-
batake et al. 2016).

Recently, a novel missense mutation, associated
with DM, has been described in the Bernese mountain
dog (T18S) (Capucchio et al. 2014; Crisp et al. 2014).
Both E40K and T18S mutations in cSOD1 are not loss
of function mutations, but form enzymatically active
dimers that are prone to aggregation in vitro (Crisp et
al. 2014). A genetic test for DM has been developed
and is expected to aid in planning breeding programs
designed to slowly eliminate DM (Long et al. 2009;
Holder et al. 2014). Dogs showing consistent clini-
cal signs and being homozygous for the mutation, are
raising the index of suspicion of DM whereas those
with heterozygous or homozygous wild-type gen-
otypes are considered more likely to be affected by
other disease processes (Holder et al. 2014).

A polyclonal antibody against cSOD]1 is generated
to further characterize the mutant SOD1 protein and
its involvement in DM pathogenesis (Nakamae et al.
2015). Definite diagnosis of DM is determined post-
mortem by histopathological examination of the spi-
nal cord (Coates et al. 2007; March et al. 2009). Neu-
romuscular histopathological findings include axon
loss, which begins in the thoracolumbar spinal cord
and later may involve the cervical and lumbar seg-
ments (Barclay and Haines, 1994; Coates et al. 2007;
March et al. 2009). Lesions are restricted to the white
matter (Barclay and Haines, 1994) and described as
discontinuous, bilateral and asymmetric (Longhofer
et al. 1990; Coates et al. 2007; March et al. 2009). All
white matter funiculi are affected but a predominance
of lesions in the dorsal portion of the lateral funiculus
and dorsal funiculus have been reported (March et al.
2009; Miller et al. 2009). The degenerative changes in-
volve both the axons and the myelin sheaths (Griffiths
and Duncan, 1975; March et al. 2009) with dilation
of the myelin sheath, axonal swelling and concurrent
fragmentation and phagocytosis of axonal and myelin
debris (March et al. 2009). Both motor and sensory
tracks are affected (Johnston et al. 2000). They oc-
cur at the distal portions of the fiber tracks (Griffiths
and Duncan, 1975; Johnston et al. 2000). In the dor-
sal columns, the rostral portion is affected (Griffiths
and Duncan, 1975). Histologically, there are vacuolar
spaces which represent lost myelin and axonal degen-

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



R.D. BAKA, Z.S. POLIZOPOULOU

2587

eration which appears as large eosinophilic circular
granular bodies in sections stained with hematoxylin
and eosin (Barclay and Haines, 1994). Together, these
result in a spongy appearance of the white matter his-
tologically (Barclay and Haines, 1994).

Studying the brain of DM-affected dogs reveals
neuronal degeneration and loss in the red, lateral ves-
tibular and dentate nuclei, changes that may be related
to the origin of the damage and subsequent Wallerian
degeneration (Kathmann et al. 2006).

Affected dogs present lesions in the posterior and
lateral columns (Awano et al. 2009). In all DM af-
fected dogs, the surviving spinal cord neurons con-
tain cytoplasmic inclusions which are stained with
anti-SOD1 antibodies, appearing as well-defined dark
clumps immunohistologically (Awano et al. 2009;
Granger and Neeves, 2015). Homozygosity for the A
allele is associated with DM in 5 dog breeds: Pem-
broke Welsh Corgi, Boxer, Rhodesian ridgeback, Ger-
man shepherd and Chesapeake Bay retriever (Awano
et al. 2009). In contrast, homozygosity for G allele
and heterozygotes, no staining or diffuse light stain-
ing similar to the background staining is found in cells
of the spinal cords (Awano et al. 2009).

Several authors suggest that exercise and physio-
therapy are important to slow the progression of DM
(Kathmann et al. 2006; Granger and Neeves, 2015)
by virtue of optimizing muscular tone and blood cir-
culation. Walking or swimming should be done on
a daily or every other day schedule (Polizopoulou
et al. 2008). In a study performed in DM-affected
dogs, daily, controlled physiotherapy prolongs sur-
vival time to an average of 255 days (Kathmann et
al. 2006). A physiotherapy protocol can include daily
gait exercise, massage, passive joint movement and
hydrotherapy and it seems to be the most important
factor in preserving ambulatory status in dogs with
DM (Kathmann et al. 2006). Thus, even in dogs with
severe neurological deficits at the time of diagnosis,
physiotherapy may result in longer survival time even
in comparison with dogs with minor neurological defi-
cits that do not receive physiotherapy (Kathmannet
al. 2006). When the affected animals are left untreat-
ed, non-ambulatory paraplegia is usually established
within 6 months after the initial diagnosis (Kathmann
et al. 2006; Polizopoulou et al. 2008).

Long-term prognosis is poor (Coates et al. 2007).
Dogs lose the ability to ambulate within 4-6 months
from the time of diagnosis (Coates et al. 2007). Tho-

racic limb function and urinary and fecal continence
usually are spared until end-stage disease (Coates et
al. 2007).

DYSTROPHIC MYELOPATHIES

Afgan hound myelopathy/ Hereditary necrotizing
myelopathy in Kooikerhondje dogs

This is a rapidly progressive myelopathy with an
autosomal recessive mode of inheritance (Averill and
Bronson, 1977). It appears in young (3-13 months
old) Afgan hounds (Averill and Bronson, 1977; Dew-
ey and da Costa, 2016). Neuroanatomically, it is a
C6-T2 or a T3-L3 myelopathy (Dewey and da Costa,
2016). Affected dogs present symmetrical paraparesis
and become paraplegic or even tetraparetic/tetraple-
gic within 1-3 weeks (Dewey and da Costa, 2016).
It can affect the respiratory function lethally (Dewey
and da Costa, 2016). Diagnostic tests are normal ex-
cept for CSF analysis that may reveal increased total
protein concentration in some cases (Dewey and da
Costa, 2016). Diagnosis is established postmortem
with the histopathological examination of the spinal
cord. Lesions include symmetrical vacuolization with
extensive myelin loss and vessel proliferation in the
dorsal and ventro-medial spinal cord of the white mat-
ter from caudal cervical to lower lumbar segments,
bilaterally (Averill and Bronson, 1977; Cummings
and de Lahunta, 1978). There is no treatment and the
prognosis is poor (Dewey and da Costa, 2016). A sim-
ilar disorder, which is called, hereditary necrotizing
myelopathy is reported in Kooikerhondje dogs (Man-
digers et al. 1993).

Rottweiler leukoencephalomyelopathy
Leukoencephalopathy (LEM) is a progressive,
non-painful, central nervous system (CNS) white mat-
ter disorder characterized by abnormal myelin synthe-
sis and/or maintenance (Dewey and da Costa, 2016).
Its etiology remains unknown although it is suspected
to be an inherited disease (Wouda and van Nes, 1986;
Dewey and da Costa, 2016). Leukoencephalopathy
with brain stem and spinal cord involvement is a neu-
rodegenerative disease in humans with clinical fea-
tures and MRI findings similar to the histopathologi-
cal lesions of LEM in Rottweiler dogs (Hirschvogel et
al. 2013). Leukoencephalopathy in humans is caused
by mutations in the DARS2 gene, which encodes a
mitochondrial aspartyl-tRNA synthetase (Hirschvo-
gel et al. 2013). Due to the phenotypic similarities be-
tween human leukoencephalomyelopathy with brain
stem and cervical involvement and lactate elevation
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(LBSL) patients and LEM-affected Rottweiler dogs,
the DARS2 gene is investigated as a candidate for
canine LEM in a case, but no mutation in the gene
is found (Hirschvogel et al. 2013). More advanced
DNA sequencing, such as the use of next-genera-
tion technologies for whole-exome or whole-genome
resequencing, may enable the identification of the
causative mutation of Rottweiler LEM (Hirschvogel
et al. 2013). Young adult Rottweiler and Rottweiler
crossbred dogs are most commonly affected (Gamble
and Chrisman, 1984; Dewey and da Costa, 2016). The
neuroanatomical localization of the disease is the cer-
vical spinal cord (Dewey and da Costa, 2016). Clin-
ical signs include progressive ataxia, proprioceptive
deficits which are more prominent in the pelvic limbs
while hypermetria is more pronounced in the thoracic
limbs (Dewey and da Costa, 2016; Hirschvogel et al.
2013). Tetraparesis worsens slowly over maximum a
year (Dewey and da Costa, 2016).

Diagnostic investigation involves signalment, his-
tory, clinical signs and MRI (Dewey and da Costa,
2016). CSF analysis, including measurement of pro-
teins and total nucleated cells count (TNCC), CSF
cytology and measurement of lactate concentrations
in the CSF and serum are unremarkable (Yin et al.
2001; Lobert, 2003). Radiological examination of the
cervical region of the spinal cord is normal (Dewey
and da Costa, 2016). MRI findings are extremely rare,
they have been described in only one case, showing
bilateral symmetrical hyper intensities in the region
of both lateral funiculi on transverse T2-weighted
images and isointense on T1-weighted plain images
(Hirschvogel et al. 2013). Due to the lack of a genet-
ic test for this disorder, postmortem histopathologi-
cal examination is required to confirm the diagnosis
(Hirschvogel et al. 2013). Symmetrical demyelinat-
ing lesions are seen in the spinal cord, especially in
the cervical region, brain stem and cerebellum. De-
myelination is more prominent in the dorsolateral fu-
niculi of the cervical spinal cord and explains both
paresis and ataxia, as the ascending proprioceptive
tracts and descending upper motor neuron (UMN)
tracts traverse this region (Wouda and van Nes, 1986;
Slocombe et al. 1989; Christman, 1991). Despite the
cerebellar involvement, these dogs typically do not
exhibit symptoms of cerebellar dysfunction (Davies
and Irwin, 2003; Dewey and da Costa, 2016). There
is no effective treatment against leukoencephalomy-
elopathy and prognosis is poor (Dewey and da Cos-
ta, 2016). There have been no reports of LEM in the
literature since 1989 (Slocombe et al. 1989), which

could suggest a true decrease in incidence, a lack of
information about the disease or exclusion of carrier
animals from breeding (Davies and Irwin, 2003).

Rottweiler neuroaxonal dystrophy

Neuroaxonal dystrophy is a degenerative, inherit-
ed UMN disease that affects young adult Rottweiler
dogs (Davies and Irwin, 2003). Clinical signs appear
at a young age (<12 months old), earlier than in leu-
koencephalomyelopathy (Christman, 1992; Boersma
et al. 1995). They include forelimb hypermetria, pro-
gressive sensory ataxia, proprioceptive dysfunction
(Cork et al. 1983; Evans et al. 1988; Boersma et al.
1995; Davies and Irwin, 2003). Cerebellovestibular
signs (head tremor, nystagmus) develop later in the
course of the disease however strength is maintained
(Christman, 1992; Davies and Irwin, 2003). Neuro-
anatomically, neuroaxonal dystrophy affects the cer-
vical region of the spinal cord as in leukoencepha-
lomyelopathy, however, the cerebellovestibular signs
(frequent in the former disease) are lacking (Cork et
al. 1983). Cerebellar atrophy was observed in the au-
topsy of two cases (Cork et al. 1983).

Definite diagnosis is based on postmortem his-
topathological examination of the spinal cord. Dys-
trophic axons appear swollen, eosinophilic, homo-
geneous or granular and contain variable amount of
ubiquitin-immunoreactive deposits (Moretto et al.
1993). Characteristic axonal spheroids are most prom-
inent in the dorsal horn grey matter, the nucleus of the
dorsal spinocerebellar tract, the vestibular nucleus,
and the nucleus gracilis, the lateral cuneate and cu-
neate nuclei (Cork et al. 1983; Chrisman, 1992). This
distribution of lesions explains the predominance of
sensory abnormalities observed clinically. Ultrastruc-
turally, spheroids appear to be swellings of distal ax-
ons which are filled with accumulations of smooth
membrane-bound vesicles, membranous lamellae,
dense bodies, and other organelles (Cork et al. 1983).
An inherited disorder of axonal transport is suspected
as the underlying defect in this disorder (Cork et al.
1983; Siso et al. 2001). Siso et al. (2001) mention the
presence of abnormal expression and accumulation of
proteins, which participate in the trafficking, docking
and fusion of the synaptic vesicle to the plasma mem-
brane. Similar findings have been observed in isolat-
ed dystrophic axons of aged dogs, indicating severe
disruption of axonal transport in dystrophic axons in
canine neuroaxonal dystrophy (Siso et al. 2001). Neu-
ropathological changes are similar to those identified
in human neuroaxonal dystrophy (Cork et al. 1983).
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There is no therapy for neuroaxonal dystrophy
(Boersma et al. 1995). The short term prognosis is
not as poor as in leukoencephalomyelopathy because
the progression of the disease is very slow and the
affected dogs can be acceptable pets for several years
(Christman 1992; Boersma et al. 1995).

Spongiform leukoencephalomyelopathy

It has been reported in young Dalmatians, Minia-
ture Poodles and Border Terriers (Martin-Vaquero et
al. 2012). It is a rare disorder called fibrinoid leuko-
dystrophy, and is characterized by lesions in both the
brain and the spinal cord. Even though the spinal cord
is affected, the predominant clinical signs are gener-
alized tremors (Martin-Vaquero et al. 2012). Histo-
pathological findings include a spongiform change
affecting the white matter of the brain and spinal cord
with diminished myelin content and absence of micro-
gliosis (Martin-Vaquero et al. 2012). This diminished
myelin staining can indicate disruption of normal
function or diminished formation (Martin-Vaquero et
al. 2012). A prominent histopathological finding is the
detection of Rosenthal fibers, which are astrocytic in-
clusion bodies, located in the white matter of the brain
and the cervical region of the spinal cord (Richardson
et al. 1991). Their origin is not clear, but it is believed
that they represent a primary astrocytic abnormality
(Borrett and Becker, 1985). It is not yet known wheth-
er the astrocytic abnormality is due to a genetically
inherited enzyme deficiency (Richardson et al. 1991).

There is no curative treatment, the disease pro-
gresses and the prognosis is poor (Dewey and da Cos-
ta, 2016).

JACK RUSSELL AND FOX-TERRIER
ATAXIA

It is a rare, presumably inherited, progressively
degenerative axonopathy that was first diagnosed in
Jack Russell terriers and Smooth-coated Fox terriers
in Sweden and England (Bjorck et al. 1957; Hartley,
1973). As these dogs have common ancestry, affected
dogs are suspected to have the same disease (Rohdin
et al. 2015). However, segregation analysis indicated
different mode of inheritance in the two dog breeds
despite the similarities between the diseases (Bjorck
et al. 1957; Hartley, 1973; Wessmann et al. 2004). It
has also been described in Ibizan hounds and Parson
Russell terriers. In the latter, a missense mutation in
the CAPNI1 gene is found and is strongly associated
with a phenotypically similar inherited ataxia (For-
man et al. 2013). Additionally, another missense mu-

tation in the KCNJ10 gene is significantly associated
with a similar ataxic neurological disease in 14 dogs
belonging in the Russell group of terriers (Gilliam et
al. 2014) and in ataxic Smooth-haired Fox Terriers
and Toy Fox Terriers (Rodhin et al. 2015). Identifica-
tion of this gene in a homozygous state in ataxic dogs
of different, albeit related, breeds support an earlier
assertion that this mutation is causal for a neurode-
generative disease that is inherited in an autosomal
recessive mode (Gilliam et al. 2014).

Clinical signs appear at a young age (2-9 months),
and worsen progressively (Wessmann et al. 2004).
They include symptoms of cervical myelopathy; pel-
vic limb ataxia that progresses to all four limbs atax-
ia, dysmetric gait and occasional intention tremor
suggesting cerebellar dysfunction than myelopathy.
However the involvement of the spinocerebellar tract
of the cervical spinal cord is a possible explanation
for these clinical signs (dysmetric spastic gait and in-
tention tremor). Rodhin et al. (2010) mention clini-
cal evidence of brain stem involvement (behavioral
changes, bilateral decreased menace response), that
is confirmed histopathologically. Wessmann et al.
(2004) report seizures occurring simultaneously with
ataxia while others develop respiratory distress. Ad-
ditionally, they find that the brain lesions are detected
only in Jack Russell Terriers and not in Fox Terriers
(Wessmann et al. 2004).

The disease can be clinically diagnosed with a
high certainty because of the breed, the age of clin-
ical onset and the nature of the typical clinical signs
(Wessmann et al. 2004). Routine laboratory tests in
blood and CSF in addition to radiological examina-
tion of the spinal cord are normal (Wessmann et al.
2004). Abnormal brain stem auditory- evoked poten-
tials (BAEPs) are recorded in affected dogs and can
support clinical diagnosis. Diagnosis is confirmed
postmortem with histopathological examination of
the affected region (Hartley, 1973). Lesions are char-
acterized by bilateral myelopathy (Hartley, 1973;
Summers et al.1995), and more precisely in the dorsal
and ventral funiculi of the cervical region of the spi-
nal cord (Summers et al.1995). Regarding the lesions,
they are located in the central auditory pathways, the
dorsal part of the lateral lemniscus, the ventromedial
sulcus of the ventral funiculus and the trapezoid body
(Hartley, 1973; Summers et al. 1995). Rarely, lesions
are found in the spinal ganglia of the lumbar region or
the cauda equina (Hartley, 1973).

There is no curative therapy for this disease. Al-
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though it is not lethal, most dogs are euthanized after
their owner’s request in their 1* year of life (Hartley,
1973). However some cases with mild gait abnormal-
ities have survived for years (Wessmann et al. 2004).

SYRINGOMYELIA (HYDROMYELIA)

Syringomyelia is a fluid- filled dilatation within
the spinal cord that can or cannot communicate with
the central canal and is usually not lined by ependy-
mal cells (Lee et al. 1985; Norman, 1987; Wisoff and
Epstein, 1989; McClarty et al. 1990; Kirberger et al.
1997; Churcher and Child, 2000). In the vast major-
ity of cases, syringomyelia is the result of Chari-like
malformation (CLM) (Oldfield et al. 1994; Rusbridge
et al. 2000). A lot of breeds have been identified to
be at risk for Chiari-like malformation, however, the
Cavalier King Charles Spaniel (CKCS) is the pre-
dominantly affected breed (McGrath, 1960; Geib and
Bistner, 1967; Churcher and Child, 2000; Rusbridge
and Knowler,2004). Furthermore, syringomyelia can
be caused by other spinal cord or brain malformation,
spinal cord trauma, inflammatory of neoplastic pro-
cesses that obstructs the normal flow of CSF, or idio-
pathic with no underlying etiology (Schmahl and Kai-
ser, 1984; Child et al. 1986; Cauzinille and Kornegay,
1992; Kirberger et al. 1997; Rusbridge and Knowler,
2004).

Clinical signs in CKCS with CLM may appear
between 6 months and 3 years of age (Rusbridge et
al. 2006). Depending on the underlying etiology dogs
may be presented at any age but those with more se-
verely clinical signs tend to be younger than 2 years
old (Rusbridge and Knowler, 2004). The most import-
ant clinical sign in syringomyelia is neuropathic pain
(Rusbridge et al. 2000; Todor et al. 2000; Nakamu-
ra et al. 2004). Although lesion localization may be
difficult, it usually involves the cervical spinal cord
(Rusbridge et al. 2006). In CLM, there is cervical
hyperesthesia appearing clinically with persistent
scratching of the neck and shoulder without skin
contact (phantom scratching) (Churcher and Child,
2000; Rusbridge et al. 2000). Scoliosis associated
with syringomyelia has also been identified mostly
in young animals (Fourneaux et al. 1973; Child et
al. 1986; Chuma et al. 1997; Rusbridge et al. 2000).
Scoliosis secondary to syringomyelia is the result of
muscular imbalance due to paraspinal muscle atro-
phy (Tagaki et al. 2005). Progression of the disease
varies (Rusbridge et al. 2006). In some dogs, there
is only scratching with mild pain, and other neuro-
logical disorders (ataxia, paresis) appear slowly and

progressively or never (Rusbridge et al. 2006). How-
ever other dogs are severely disabled due to pain that
progressed within 6 months from the first symptom
observed (Rusbridge et al. 2006). In others, syringo-
myelia is an incidental finding (Lu et al. 2003).

The age of clinical onset varies, depending on the
etiology of the disease, the different rate of fluid ac-
cumulation and the ensuing spinal cord damage and
dysfunction (Rusbridge et al. 2006). However, signs
of pain are not well correlated with the size of the
syrinx, ie, humans or animals with wider or longer
syrinxes are not necessarily in more pain than those
with smaller syrinxes (Lu et al. 2003; Nakamura et
al. 2004). On the other hand, there are other reports
showing a relationship between the degree of pain
and the width of the syrinx; dogs with larger syrinx-
es are in pain and dogs with smaller syrinxes are not
in pain (Rusbridge et al. 2007). Furthermore, Rus-
bridge et al. (2007) examined not only the width of
the syrinx but also the localized damage in the spinal
cord, indicating that the asymmetry of the syrinx, is
important in the pathogenesis of neuropathic pain.
There have reported other neurological disorders such
as thoracic limb weakness, muscle atrophy (ventral
horn cell damage), pelvic limb ataxia and weakness,
white matter damage with involvement of the lumbar
spinal cord by the syrinx (Rusbridge et al. 2000). Hy-
drocephalus has also been reported in syringomyelia
cases (Schmabhl and Kaiser, 1984; Itoh et al.1996).

Diagnostic imaging and especially CT and MRI
are the preferable way to detect the cavitary lesions
(Kirberger et al. 1997; Churcher and Child, 2000;
Rusbridge et al. 2000). Mid-sagittal images provide
excellent definition of intramedullary cavitation and
allow quantitative investigation of the malformation
(Churcher and Child, 2000). Sometimes, myelogra-
phy can be helpful, when the contrast medium en-
ters the cavity within the spinal cord (Kirberger et al.
1997). CSF analysis is usually normal however some-
times it reveals mild inflammation. It is important to
perform CSF analysis in order to rule out other diseas-
es (Kirberger et al. 1997).

For Chiari-like malformation (CLM), therapy can
be either surgical and/or medical. However, therapy
of CLM is beyond the scope of this review and thus
only therapy reflecting the elimination of symptoms
due to syringomyelia is going to be discussed.

Medical treatment includes analgesics, drugs that
reduce CSF production and corticosteroids (Rus-
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bridge et al. 2006). In mild cases, pain can be con-
trolled with nonsteroidal anti-inflammatory drugs
(Rusbridge et al. 2000). For the relief of scratching, or
more severe cases, gabapentin (10 mg/kg b.w.,orally,
TID) is useful in order to eliminate the neuropathic
pain (Levendoglu et al. 2004). Pregabalin (2 mg/kg
b.w., orally, BID), which is considered more effec-
tive than gabapentin, and tramadol (2-4 mg/kg b.w.,
orally, TID/QID) may also be administered. There
are some reports on medications that decrease CSF
flow and include omeprazole, acetazolamide, furose-
mide but, clinical data on their use and effectiveness
are lacking (Lindvall-Axelsson et al. 1992; Itoh et al.
1996; Javaheri et al. 1997; Churcher and Child, 2000).
Regarding acetazolamide, long-term treatment has
adverse effects like abdominal pain, weakness, lethar-
gy and thus it is contradicted for long-term use (Vogh,
1980; Shinnar et al. 1985; Carrion et al. 2001). Cor-
ticosteroids are administered (0.5 mg/kg b.w., orally,
BID), to decrease CSF production (Rusbridge et al.
2000). Although corticosteroids may be effective in
limiting signs and progression, most dogs require
continuous therapy and develop adverse effects such
as immunosuppression, weight gain and skin changes
(Rusbridge et al. 2000). Medical therapy can diminish
the severity of clinical signs but they never succeed
full resolution (Rusbridge et al. 2000). Regarding sur-
gical therapy, syringotomy can improve clinical signs
(Cauzinille and Kornegay, 1992; Churcher and Child,
2000). In another report, they performed laminecto-
my combining with acetazolamide and the dog par-
tially ameliorated, without deteriorating 12 months
post surgically (Itoh et al.1996).

Syringomyelia is usually presented with pain. The
degree of pain is evaluated clinically and is not neces-
sarily compatible with the severity of the lesions. Pain

management can be sufficient to improve pet’s quality
of life in most of the cases.

CONCLUSIONS

* Degenerative myelopathy is a progressive my-
elopathy of the thoraco-lumbar spinal cord seg-
ments, commonly seen in old German shepherd
dogs.

» Physiotherapy can prolong the ambulatory status
of the DM-affected dogs.

* Afgan hound myelopathy, Rottweiler leukoen-
cephalopathy, Rottweler neuroaxonal dystrophy,
Spongiform leukoencephalopathy and Jack-Rus-
sel/ Fox-terrier ataxia are non-painful, hereditary
myelopathies affecting the cervical region of the
spinal cord.

* Syringomyelia is commonly caused by Chiari-
like malformation (CLM).

» Syringomyelia can become painful depending on
the length and the size of the intramedullary flu-
id-filled syrinx.

* Therapy for syringomyelia caused by CLM in-
cludes surgical and medical management.

ACKNOWLEDGEMENTS

This research is co-financed by Greece and the Eu-
ropean Union (European Social Fund- ESF) through
the Operational Program «Human Resources Devel-
opment, Education and Lifelong Learning» in the
context of the project “Strengthening Human Re-
sources Research Potential via Doctorate Research”
(MIS-5000432), implemented by the State Scholar-
ships Foundation (IKY).

e’

Operational Programme " EZHA
Human Resources Development, wmm 2TM4-2020
Education and Lifelong Leamning =

[TreR————
G g ey Girrren amd n Furppran ion

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



2592

R.D. BAKA, Z.S. POLIZOPOULOU

REFERENCES

Averill DR, Bronson RT (1977) Inheriting necrotizing myelopathy of af-
ghan hounds, J Neuropathol Exp Neurol 36 (4): 734-747.

Awano T, Johnson GS, Wade CM, Katz ML, Johnson GC, Taylor JF, Per-
loski M, Biagi T, Baranowska I, Long S, March PA, Olby NJ, Shelton
GD, Khan S, O’Brien DP, Lindblad-Toh K, Coates JR (2009) Ge-
nome-wide association analysis reveals a SOD1 mutation in canine
degenerative myelopathy that resembles amyotrophic lateral sclero-
sis. PNAS 106 (8): 2794-2799.

Barclay KB, Haines DM (1994) Immunohistochemical evidence for im-
munoglobin and complement deposition in spinal cord lesions in de-
generative myelopathy in German shepherd dogs. Can Vet J Res 58:
20-24.

Bichsel P, Vandevelde M, Lang J, Kull-Hachler S(1983) Degenerative
myelopathy in a family of Siberian Husky dogs. J Am Vet Med Assoc
183 (9): 998-1000.

Bjorck G, Dyrendahl S, Olsson SE (1957) Hereditary ataxia in Smooth-
Haired Fox Terriers. Vet Rec 69: 871-876.

Boersma A , Zonnevylle H, Sanchez MA, Espifieira MD (1995) Progres-
sive ataxia in a Rottweiler dog. Vet Q 17: 108-109.

Borrett D, Becker LE (1985) Alexander’s disease: a disease of astrocytes.
Brain 108: 367-385.

Braund KG, Vandevelde M (1978) German Shepherd dog myelopathy- a
morphologic and morphometric study. Am J Vet Res 39(8): 1309-
1315.

Capucchio MT, Spalenza V, Biasibetti E, Bottero MT, Rasero R, Dalmas-
80 A, Sacchi P (2014) Degenerative myelopathy in German Shepherd
dog: comparison of two molecular assays for the identification of the
SODI1:c.118G>A mutation. Mol Biol Rep 41: 665-670.

Carrion E, Hertzog JH, Medlock MD, Hauser GJ, Dalton HJ (2001) Use
of acetazolamide to decrease cerebrospinal fluid production in chron-
ically ventilated patients with ventriculopleural shunts. Arch Dis
Child 84: 68-71.

Cauzinille L, KornegayJN (1992) Acquired syringomyelia in a dog. ] Am
Vet Med Assoc 201 (8): 1225-1228.

Chang H-S, Kamishina H, Mizukami K, Momoi Y, Katayama M, Rahman
MM, Uddin MM, Yabuki A, Koyiama M, Yamato O (2013) Geno-
typing assay for the Canine Degenerative Myelopathy- Associated
¢.118G>A (p.E40K) Mutation of the SOD1 Gene using conventional
and Real-Time PCR Methods: A high prevalence in the Pembroke
Welsh Corgi Breed in Japan. J Vet Med Sci 75(6): 795-798.

Child G, Higgins RJ, Cuddon PA (1986) Acquired scoliosis associated
with hydromyelia and syringomyelia in two dogs. J] Am Vet Med As-
soc 189 (8): 909-912.

Christman CL (1991) Hemiplegia, hemiparesis, quadriplegia,quadripa-
resis, ataxia of all four limbs, andepisodic weakness. In: Problems
in Small Animal Neurology, 2nd ed, Lea & Febiger, Philadelphia:pp
337-396.

Chrisman CL (1992) Neurological diseases of Rottweilers: Neuroaxonal
dystrophy and leukoencephalomalacia. J Small Anim Pract 33: 500-
504.

Chuma A, Kitahara H, Minami S, Goto S, Takaso M, Moriya H (1997)
Structural scoliosis model in dogs with experimentally induced syrin-
gomyelia. SPINE 22 (6): 589-595.

Churcher RK, Child G (2000) Chiari 1/Syringomyelia complex in a Cav-
alier King Charles Spaniel. Aust Vet J 78 (2): 92-95.

Clemmons RM (1992) Degenerative myelopathy. Vet Clin North Am

Small Anim Pract 22 (4): 965-971.

Coates JR, March PA, Oglesbee M, Ruaux CG, Olby NJ, Berghaus RD,
O’Brien DP, Keating JH, Johnson GS, Williams DA (2007) Clinical
characterization of a familial degenerative myelopathy in Pembroke
Welsh Corgi Dogs. J Vet Intern Med 21: 1323-1331.

Cork LC, Troncoso JC, Price DL, Stanley EF, Griffin JW (1983) Canine
Neuroaxonal Dystrophy. J Neuropathol Exp Neurol 42 (3): 286-296.

Crisp MJ, Beckett J, Coates JR, Miller TM (2014) Canine Degenerative
Myelopathy: Biochemical characterization of superoxide dismutase 1
in the first naturally occurring non-human amyotrophic lateral sclero-
sis model. Exp Neurol available in PMC, 1-20.

Cummings JF,De Lahunta A (1978) Hereditary myelopathy of Afghan
Hounds, a myelinolytic disease. Acta Neuropath 42: 173-181.

Davies DR, Irwin PJ (2003) Degenerative neurological and neuromus-
cular disease in young Rottweilers. J Small Anim Pract 44: 388-394.

Yin W, Tibbs R, Aoki K, Badr A, Zhang J (2001) Metabolic alterations in
cerebrospinal fluid from double hemorrhage model of dogs. Neurol
Res 23(1): 87-92.

Dewey CW, Da Costa RC (2016) Myelopathies: Disorders of the Spinal
Cord. In: Practical guide to canine and feline neurology, 3" ed, Wiley
Blackwell, Singapore: 358-369.

Evans MG, Mullaney TP, Lowrie CT (1988) Neuroaxonal dystrophy in a
Rottweiler pup. J Am Vet Med Assoc192: 1560-1562.

Forman OP, De Risio L, Mellersh CS (2013) Missense mutation in CAPN1
is associated with spinocerebellar ataxia in the Parson Russell Terrier
dog breed. PLoS One8 (5) e64627.

Furneaux RW, Doige CE, Kaye MM (1973) Syringomyelia and Spina Bi-
fida Occulta in a Samoyed Dog. Can Vet Jour 14 (2): 317-321.

Gamble DA, Chrisman CL (1984) A leukoencephalomyelopathy of Rott-
weiler dogs. Vet Pathol 21: 274-280.

Geib LW, Bistner SI (1967) Spinal cord dysraphismin a dog.J Am Vet Med
Assoc 150: 618-620.

Gilliam D, O’Brien DP, Coates JR, Johnson GS, Johnson GC, Mhlan-
ga-Mutangadura T, Hansen L, Taylor JF, Schnabel RD (2014) A
homozygous KCNJ10 mutation in Jack RussellTerriers and related
breeds with spinocerebellar ataxia with myokymia, seizures or both. J
Vet Intern Med28: 871-877.

Granger N, Neeves J (2015) Developing objective measures of gait ab-
normalities in dogs with degenerative myelopathy. Vet Rec 176: 290.

Griffiths IR, Duncan ID (1975) Chronic degenerative radiculomyelopathy
in the dog. J Small Anim Pract 16: 461-471.

Hartley WJ (1973) Ataxia in Jack Russell Terriers. Acta Neuropath 26:
71-74.

Hirschvogel K, Matiasek K, Flatz K, Drogemiiller M, Drogemiiller
C, Reiner B, Fischer A (2013) Magnetic Resonance Imaging and ge-
netic investigation of a case of Rottweiler leukoencephalomyelopa-
thy. Vet Res 9: 57.

Holder AL, Price JA, Adams JP, Volk HA, Catchpole B (2014) A retro-
spective study of the prevalence of the canine degenerative myelopa-
thy associated superoxidase dismutase 1 mutation (SOD1:c.118G>A)
in a referral population of German Shepherd Dogs from the UK. Ca-
nine Genet Epidemiol 1: 10.

Itoh T, Nishimura R, Matsunaga S, Kadosawa T, Mochizuki M, Sasaki
N(1996) Syringomyelia and hydrocephalus in a dog. J Am Vet Med
Assoc 209 (5): 934-936.

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



R.D. BAKA, Z.S. POLIZOPOULOU

2593

Ivansson EL, Megquier K, Kozyrev SV, Murén E, Baranowska Korberg
I,Swofford R, Koltookian M, Tonomura N, Zeng R, Kolicheski AL,
Hansen L, Katz ML, Johnson GC, Johnson GS, Coates JR, Lind-
blad-Toh K (2016) Variants within the SP110 nuclear body protein
modify risk of canine degenerative myelopathy. PNAS: 3091-3100.

Javaheri S, Corbett WS, Simbartl LA, Mehta S, Khosla A (1997) Different
effects of omeprazole and Sch 28080 on canine cerebrospinal fluid
production. Brain Res 754:321-324.

Johnston PEJ, Barrie JA, McCulloch MC, Anderson TJ, Griffiths IR
(2000) Central nervous system pathology in 25 dogs with chronic de-
generative radiculomyelopathy. Vet Rec 146: 629-633.

Jones JC, Inzana KD, Rossmeisl JH, Bergman RL, Wells T, Butler K
(2005) CT-myelopathy of the thoraco-lumbar spine in 8 dogs with
degenerative myelopathy. J Vet Sci 6: 341-348.

Kathmann I, Cizinauskas S, Doherr MG, Steffen F, Jaggy A (2006) Daily
controlled physiotherapy increases survival time in dogs with sus-
pected degenerative myelopathy. J Vet Intern Med 20: 927-932.

Kirberger RM, Jacobson LS, Davies JV, Engela J (1997) Hydromyelia in
a dog. Vet Radiol Ultrasound 38 (1): 30-38.

Kobatake Y, Sakai H, Tsukui T, Yamato O, Kohyama M, Sasaki J, Kato
S, Urushitani M, Maeda S, Kamishina H (2016) Localization of a
mutation SODI protein in E40K- heterozygous dogs: Implications
of anon-cell-autonomous pathogenesis of degenerative myelopathy.
JNeurolScihttp://dx.doi.org/10.1016/j.jns.2016.10.034

Lee BCP, Zimnicrman RD, Manning JJ, Dcck MDF (1985) MR imaging
of syringomyclia and hydromyelia. AJNR 6: 221-228.

Levendoglu F, Ogun CO, Ozerbil O, Ogun TC, Ugurlu H (2004) Gab-
apentin is a first line drug for the treatment of neuropathic pain in
spinal cord injury. Spine 29:743-751.

Lindvall-Axelsson M, Nilsson C, Owman C, Winbladh B (1992) Inhi-
bition of cerebrospinal fluid formation by omeprazole. Exp Neurol
115: 394-399.

Lobert V (2003) Etablierung von laktat- und pyruvatmessung im plas-
ma und liquor cerebrospinalis zur diagnostik von mitochondrialen
erkrankungen beim hund. Inaugural-dissertation. University of vet-
erinary medicine Hannover: Department of Small Animal Medicine
and Surgery.

Long SN, Henthorn P, Serpell J, Van Winkle T, Coates JR (2009) Degen-
erative myelopathy in a Chesapeake Bay Retrievers. J Vet Intern Med
23:396-416.

Longhofer SL, Duncan ID, Messing A (1990) A degenerative myelopathy
in young German shepherd dogs. J Small Anim Pract 31: 199-203.

Lu D, Lamb CR, Pfeiffer DU, Targett MP (2003) Neurological signs and
results of magnetic resonance imaging in 40 cavalier King Charles
Spaniels with Chiari type 1 like malformations. Vet Rec 153: 260-
263.

McClarty B, Suthcrland S. Bertram EG (1990) The Spine. In: Kucharczyk
W MRI: Central Nervous System. Raven Press, Philadelphia: 19.

Mc Grath JT (1960) Neurologic Examination of the Dog. In: Neurological
examination of the dog with clinicopathologic observations. 2nd Ed,
Lea & Febiger, Philadelphia: 200-211.

Mandigers PJJ, Van Nes JJ, Knol BW, Ubbink GJ, Gruys E (1993) He-
reditary necrotizing myelopathy in Kooiker dogs. Res Vet Sience 54:
118-123.

March PA, Coates JR, Abyad RJ, Williams DA, O’ Brien DP, Olby NJ,
Keating JH, Oglesbee M (2009) Degenerative myelopathy in 18 Pem-
broke Welsh Corgi dogs. Vet Pathol 46: 241-250.

Martin-Vaquero P, Da Costa RC, Simmons JK, Beamer GL, Ja" derlund
KH, Oglesbee MJ (2012) A novel spongiform leukoencephalomy-
elopathy in Border Terrier Puppies. J Vet Intern Med 26: 402-406.

Mesfin GM, Kusewitt D, Parker A (1980) Degenerative myelopathy in a
cat. J Am Vet Med Assoc 176 (1): 62-64.

Miller AD, Barber R, Porter BF, Peters RM, Kent M, Platt SR, Schatzberg
SJ (2009) Degenerative myelopathy in two boxer dogs. Vet Pathol
46: 684-687.

Moretto G, Sparaco M, Monaco S, Bonetti B, Rizzuto N (1993) Cytoskel-
etal changes and ubiquitin expression in dystrophic axons of Seitel-
berger’s disease. Clin neuropathol 12: 34-37.

Nakamae S, Kobatake Y, Suzuki R, Tsukui T, Kato S, Yamato O, Sakaki
H, Urushitani M, Maeda S, Kaminisha H (2015) Accumulation and
aggregate formation of mutatnt superoxidase 1 in canine degenerative
myelopathy. Neuroscience 303: 229-240.

Nakamura M, Chiba K, Nishizawa T, Maruiwa H, Matsumoto M, Toyama
Y (2004) Retrospective study of surgery-related outcomes in patients
with syringomyelia associated with Chiari I malformation: Clinical
significance ofchanges in the size and localization of syrinx on pain
relief. JNeurosurg 3 (1): 241-244.

Norman D (1987) MR of the spine. In: Brant-Zawadzki M, Norman D,
eds. Magnetic restinance imaging of the central nervous system. Ra-
ven Press,New York: 311-314.

Oldfield EH, Muraszko K, Shawker TH,Patronas NJ (1994) Pathophysi-
ology of syringomyelia associated with Chiari 1 malformation of the
cerebellar tonsils. Implications for diagnosis and treatment. Neuro-
surg 80: 3-15.

Polizopoulou ZS, Koutinas AF, Patsikas MN, Soubasis N ( 2008) Evalu-
ation of a proposed therapeutic protocol in 12 dogs with tentative de-
generative myelopathy. Acta veterinaria Hungarica 56 (3): 293-301.

Richardson JA, Tang K, Burns DK (1991) Myeloencephalopathy with
Rosenthal fiber formation in a miniature poodle. Vet Pathol 28: 536-
538.

Rohdin C, Liidtke L, Wohlsein P, Jaderlund KH (2010) New aspects of
hereditary ataxia in smooth-haired fox terriers. Vet Rec 166 (18): 557-
560.

Rohdin C, Gilliam D, O’Leary CA, O’Brien DP, Coates JR, Johnson GS,
Hultin Jaderlund K (2015) A KCNJ10 mutation previously identified
in the Russell group of terriers also accurs in Smooth-haired Fox
Terrierswith hereditary ataxia and in related breeds. Acta Veterinaria
Scandinavica 57 (26): 1-4.

Rusbridge C, MacSweeny JE, Davies JV, Chandler K, Fitzmaurice SN,
Dennis R, Cappello R, Wheeler SJ (2000) Syringohydromyelia in
Cavalier King Charles Spaniels. ] Am Anim Hosp Assoc 36 (1): 34-
41.

Rusbridge C, Knowler SP (2004) Inheritance of occipital bone hypoplasia
(Chiari type I malformation) in Cavalier King Charles Spaniels. J Vet
Intern Med 18: 673-678.

Rusbridge C, Greitz D, Iskandar BJ (2006) Syringomyelia: current con-
cepts in pathogenesis, diagnosis and treatment. J Vet Intern Med 20:
469-479.

Rusbridge C, Carruthers H, Dube M-P, Holmes M,Jeffery ND (2007) Sy-
ringomyelia in Cavalier King Charles Spaniels: the relationship be-
tween syrinx dimension and pain. J Small Anim Pract 48: 432-436.

Schmahl W, Kaiser E (1984) Hydrocephalus, Syringomyelia and Spinal
cord angiodysgenesis in a Lhasa-apso dog. Vet Pathol 21: 252-254.

Shinnar S, Gammon K, Bergman EW Jr, Epstein M, Freeman JM (1985)
Management of hydrocephalus in infancy: Use of acetazolamide and
furosemide to avoid cerebrospinal fluid shunts. J Pediatr 107: 31-37.

Siso S, Ferrer I, Pumarola M (2001) Juvenile neuroaxonal dystrophy ina
Rottweiler: accumulation of synaptic proteins in dystrophic axons.
Acta Neuropathol 102: 501-504.

Slocombe RF, Mitten R, Mason TA (1989) Leykoencephalomyelopathy in

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



2594

R.D. BAKA, Z.S. POLIZOPOULOU

Australian Rottweiler dogs. Austr Vet J 66 (5): 147-150.

Summers BA, Cummings JF, De Lahunta A (1995) Textbook of Veteri-
nary Neuropathology. MO: Mosby, St Louis: pp 321-322.

Tagaki S, Kadosawa T, Ohsaki T, Hoshino Y, Okumura M, Fujinaga T
(2005) Hindbrain decompression in a dog with scoliosis associated
with syringomyelia. J Am Vet Med Assoc 226 (8): 1359- 1363.

Todor DR, Harrison TM, Millport TH (2000) Pain and syringomyelia: re-
view. Neurosurg Focus 8: 1-6.

Vogh BP (1980) The relation of choroid plexus carbonic anhydrase ac-

tivity to cerebrospinal fluid formation: Study of three inhibitors in
cat with extrapolation to man. J Pharmacol Exp Ther 213: 321-331.

Wessmann A, Goedde T, Fischer A, Wohlsein P, Hamann H, Distl O, Ti-
pold A (2004) Hereditary Ataxia in the jack Russell terrier - Clinical
and Genetic Investigations. J Vet Intern Med 18: 515-521.

Wisoff JH, Epstein F (1989) Management of hydromyelia. Neurosurgery
25:562-571.

Wouda W, van Nes JJ (1986) Progressive ataxia due to central demyelin-
ation in Rottweiler dogs. Vet Q 8 (2): 89-97.

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)


http://www.tcpdf.org

