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Syringomyelia in the Cavalier King Charles spaniel (CKCS) dog
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s yringomyelia (SM) is defined as a condition that results
in the development of fluid-containing cavities within
the parenchyma of the spinal cord as a consequence of abnor-
mal cerebrospinal fluid movement through the foramen mag-
num (1). Although the exact etiology and pathogenesis are
unknown, SM is thought to develop secondary to an obstruction
of cerebrospinal fluid (CSF) flow at the level of the foramen
magnum (2). A cause of SM in veterinary medicine is a reduced
volume of the caudal fossa secondary to an inappropriately
small occipital bone (2,3). This malformation of the caudal
fossa is known as a Chiari-like malformation (CM), a condition
that appears similar to Chiari type I malformation in humans.
Other documented etiologies causing SM in the dog include
spinal trauma (4) and neoplasia in the region of the brainstem
or foramen magnum (5,6). Recent data suggest that CM in the
Cavalier King Charles spaniel (CKCS) is inherited (3,7). The
incidence of CM in the CKCS breed is an estimated 95% and
current studies suggest that SM is present in more than 50%
of dogs with CM (7) with approximately 35% of affected dogs
exhibiting clinical signs (2). Along with the CKCS breed, this
condition has been reported in Pekingese dogs, Maltese terriers,
miniature dachshunds, fox terriers, lhasa apsos, pomeranians,
Yorkshire terriers, and a Samoyed dog (4,8-10). Occasionally,
the presence of CM/SM is found as incidental findings while
investigating another neurologic condition (11).

The 2 following cases, recently presented to the Ontario
Veterinary College Teaching Hospital, illustrate the variability
in clinical signs that can be observed in dogs afflicted with

CM/SM.

Case 1

A 3-year-old, spayed female CKCS was presented with a pro-
gressive 6-month history of mild paraparesis, cervical hyper-
esthesia, and frequent episodes of aggressively scratching at
her neck and face. Magnetic resonance imaging (MRI) of the
brain revealed CM with severe cerebellar crowding secondary
to a caudal occipital malformation, kinking of the brainstem,
caudal cerebellar herniation, occlusion of CSF passage through
the foramen magnum, and SM affecting the cervical spinal cord
(Figure 1). Treatment was initiated with prednisone 0.5 mg/kg
orally twice daily and gabapentin (Neurontin, Pfizer Canada,
Kirkland, Quebec) 10 mg/kg orally 3 times daily. Specific to the
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Figure 1. Sagittal T2-weighted magnetic resonance imaging

of the brain and cranial cervical spine revealing crowding of the
caudal fossa, kinking of the medulla, caudal cerebellar herniation,
and syringomyelia affecting the cervical spinal cord.

central nervous system, corticosteroids are thought to decrease
the production of phospholipase A2 (11), a powerful regulator
of inflammatory cascades, inhibit the expression of cytokines,
and decrease the release of substance P (13,14). Gabapentin
and Pregabalin (Lyrica, Pfizer), second generation antiepilep-
tics, have shown promise for alleviating pain within the central
nervous system (15,16). While their mechanisms of analgesia
remain unknown, they are believed to decrease the release of
glutamate, an excitatory neurotransmitter, via binding to the
alpha2-delta subunit on voltage dependant calcium channels
in the dorsal horn (17,18). Convincing evidence has shown
that these calcium channels are involved in the persistence of
pain (19). At 1-month and 3-month recheck examinations her
cervical pain had significantly improved and her scratching
episodes had ceased. She has since been tapered off prednisone
but remains on gabapentin.

Case 2

A 2-year-old, castrated male CKCS was presented with a
2-month history of progressive pelvic limb ataxia, right thoracic
limb monoparesis, cervical hyperesthesia, and scratching at his
right shoulder. Magnetic resonance imaging of the brain revealed
CM with severe cerebellar crowding, kinking of the caudal
brainstem and moderate ventricular dilatation (not shown). He
was affected with severe SM, predominantly in the caudal cervi-
cal spine affecting spinal cord white and grey matter, presumably
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Figure 2. Sagittal T2-weighted magnetic resonance image
of the cervical and cranial thoracic spinal cord revealing
syringomyelia extending from C1-C5 and T1-T3.

accounting for the right thoracic limb monoparesis (Figures 2
and 3). Treatment was initiated with prednisone 0.5 mg/kg
orally twice daily and gabapentin 10 mg/kg orally twice daily.
At a 3-month recheck examination, his pelvic limb ataxia had
improved; however, he remained monoparetic in the right tho-
racic limb and mildly painful in his cervical spine.

Discussion

Syringomyelia (SM) that accompanies a Chiari-like malforma-
tion (CM) is thought to be a consequence of abnormal CSF flow
at the foramen magnum secondary to a decrease in caudal fossa
volume and compression of the subarachnoid space (20-22).
The causative mechanism of SM is a relative increase in pulse
pressure in the spinal cord compared to that in the nearby sub-
arachnoid space due to an induced pressure difference secondary
to an obstruction in the subarachnoid space (23). Normally, the
pulse pressure in the CSF is transferred to the spinal cord and
equals the inherent pressure within the cord and the 2 cancel
out to maintain a homeostatic environment. However, when
an obstruction in the subarachnoid space is present such as a
caudally displaced cerebellum in CM type I in humans, there is
a mismatch of the pulse pressure between the CSF and spinal
cord (24,25). This leads to a medullary-subarachnoid pressure
dissociation with transiently higher pressure in the spinal cord
than the CSF allowing a distention of parenchmyal tissue and
injury to the tissue causing an extravasation of plasma infiltrate
into the syrinx (24-26).

The most consistent clinical sign seen in SM-affected dogs
is pain localized to the cervical spine (11,27,28). Many owners
report that their dog exhibits postural pain characterized by sud-
den vocalizing after jumping (28). Syringomyelia-affected dogs
behave as if they experience allodynia (pain arising in response
to an otherwise nonpainful stimulus) and dysesthesia (intense
burning sensation) (28). For example, affected dogs appear to
dislike being touched in certain areas around their ears, neck,
top of head, and they may be unable to tolerate grooming or
wearing a neck collar (28). Allodynia and dysesthesia are 2 char-
acteristics consistent with neuropathic pain syndrome described
by humans affected with CM/SM (29).

Neuropathic pain syndrome, a clinical syndrome due to
abnormal somatosensory processing in the peripheral and central
nervous systems, is complex and relies on anatomical, physi-
ological, and neurochemical causes. Once initially thought to
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Figure 3. Transverse T2-weighted magnetic resonance image
at the region of T1. Syringomyelia is noted causing neural
destruction of both the grey and white matters of the cervical
spinal cord at this region.

be primarily due to damage to the spinothalamic tract (21,30)
or the spinoreticular tract (31), researchers studying pain-related
somatosensory evoked potentials following CO, laser stimula-
tion in humans. It was concluded that the spinothalamic tract is
intact in most patients, while the cellular function of the dorsal
grey horn of the spinal cord is impaired (32).

While the exact pathophysiology is unknown, there are 3
important phenomena critical to the development of neuro-
pathic pain, central sensitization, central disinhibition, and
phenotypic change (33-35). Central sensitization is the state
of heightened sensitivity of dorsal grey matter neurons during
repetitive C-fiber nociceptive stimulation such that their thresh-
old of activation is reduced, and their responsiveness to synaptic
inputs is augmented (36). Long-term effects of central sensitiza-
tion are due to an augmented release of glutamate, an excitatory
amino acid, and substance B, a peptide thought to be responsible
for pain modulation and perception. These neurotransmitters
activate voltage-gated calcium channels resulting in a calcium
influx from voltage sensitive ion channels as well as from
intracellular stores. The intracellular calcium increase results
in activation of calcium-dependent kinases such as protein
kinase C and A, and tyrosine kinase (37). These changes acti-
vate phosphorylation of membrane receptors and ion channels
that can alter neuron excitability for minutes to hours after the
initiating stimulus (38). Central disinhibition results from the
loss of spinal cord inhibitory interneuron transmitters such as
GABA and glycine and consequently shifts the balance towards
an increased excitatory state, which can manifest clinically as
spontaneous or evoked pain to an otherwise innocuous stimulus
(allodynia) (36,39,40).

Currently, a diagnosis of CM and SM in dogs is made most
often with MRI of the brain and spinal cord (3,4,11). Obtaining
both sagittal and transverse images is necessary for identifying the
characteristic changes associated with CM and for measuring the
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width and length of SM. Magnetic resonance imaging changes
consistent with CM in dogs include a small caudal fossa sec-
ondary to a hypoplastic or dysplastic occipital bone, cerebellar
crowding, compression and/or herniation of the cerebellar vermis
and medulla through the foramen magnum, and minimal to
absent CSF signal between the caudal cerebellum and brainstem
(2,11,27,28). Additionally, kinking of the brainstem at the
level of the cerebellum and ventricular dilation may be present
(11,27,28). Magnetic resonance imaging findings consistent with
SM in dogs include detecting a distinct cavity of fluid within the
parenchyma of the spinal cord. On T1-weighted imaging this
fluid will appear hypointense to isointense to surrounding spinal
cord tissue and hyperintense to surrounding spinal cord tissue on
T2-weighted imaging (41). Transverse and parasaggital images
allow for the assessment of width, dorsal horn involvement, and
longitudinal extent of the cavity (28). Maximum syrinx width is
the strongest predictor of pain, scratching behavior, and scoliosis;
95% of CKCS with a maximum syrinx width of 0.64 cm or more
will have associated clinical signs (28).

Treatment of dogs with CM/SM is aimed at medically or
surgically relieving pain and other neurologic signs thought to
be associated with the condition. Depending on the severity
of clinical signs, 3 categories of drugs that have shown some
benefit include analgesics (NSAIDs, Gabapentin, Tramadol),
drugs targeted at decreasing CSF production (Omeprazole,
Acetazolamide), and corticosteroids (1,2). For dogs that exhibit
signs consistent with neurogenic pain (neck and back pain on
palpation, abnormal scratching, episodes of sudden vocalizing,
allodynia) the authors recommend Gabapentin at 10 mg/kg
orally every 8 to 12 h as a primary treatment. Side effects include
sedation and occasional vomiting and anorexia. For episodes of
severe pain nonresponsive to Gabapentin, Prednisone is added
at anti-inflammatory doses of 0.5 mg/kg orally every 12 to 24 h
as it effectively targets pain mediators such as substance P in
the central nervous system (13,14). The length of treatment
depends on clinical response. While the majority of affected dogs
are maintained for the long-term on Gabapentin, Prednisone is
usually discontinued after approximately 7 to 10 d, as long as the
clinical symptoms are controlled. However, for recurrent episodes
of acute and severe neck and back pain, Prednisone is continued
for a longer period of time at the lowest acceptable dose. Owners
with dogs that are severely affected and/or are unresponsive to
medical management may consider surgery.

Surgical management is frequently performed in humans
with CM/SM to alleviate clinical symptoms (42). The most
common procedure is a foramen magnum (FM) decompres-
sion (suboccipital decompression). This procedure involves the
removal of a portion of the supraoccipital bone overlying the
cerebellum and the rostral extent of C1. The largest case series
of dogs undergoing this procedure reported 81.25% of dogs
had improvement or resolution of clinical signs (43). However,
the study also found that 25% of dogs undergoing suboccipital
decompression had a recurrence of clinical signs within the
follow-up period, and this recurrence was presumed to be due
to scar tissue formation at the surgical site. This recurrence rate
is consistent with that reported in humans (42). A modified
surgical technique, FM decompression with cranioplasty, aims
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to alleviate scar tissue formation by securing a titanium mesh
to the perimeter of the supraoccipital craniectomy (43). Early
reports of this procedure are favorable; however, long-term data
are unknown.

Opverall, the prognosis for CM/SM-affected dogs depends on
the severity of clinical signs and on the response to medication.
Chiari-like malformation and syringomyelia is a progressive
condition in those dogs that are affected clinically. Some dogs
will need constant dose adjustments to adequately treat their
symptoms. Unfortunately, some dogs afflicted with severe and
disabling pain do not respond to medical management and are
not surgical candidates, in which cases a thorough evaluation
of their quality of life is necessary.
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