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Abstract

Background: Myoclonus is observed in older Cavalier King Charles Spaniels (CKCS)
but a full description is lacking.

Objectives: The presence, age of onset, characteristics and treatment of myoclonic
episodes were retrospectively evaluated in a cohort of CKCS which presented to
1 board-certified neurologist. Clinical data, imaging studies, presence of seizures and
their management, as well as other comorbidities were noted.

Animals: Thirty-nine CKCS that were presented to 2 institutions between 2001 and
2018 with signs consistent with myoclonus. Clinical examination, blood sampling,
advanced diagnostic imaging, cerebrospinal fluid analysis, and record keeping of
other comorbidities was performed.

Methods: This is a retrospective case series, describing the presence of myoclonus
in CKCS.

Results: Clinical signs reported were spontaneous in onset, lasted a few sec-
onds and consisted of rapid blinking with head nodding and variable extension
down the thoracic limbs. Myoclonus occasionally led to stumbling of the tho-
racic limbs or collapse. Mean age of onset was 8.38 years (SD +1.96). Thirteen
of 39 dogs with myoclonus had paroxysmal events, such as generalized sei-
zures (9/13).

Conclusions and Clinical Importance: Myoclonus occurs in middle-aged to older
CKCS and seems to be another epiphenomena of this breed. A link to epilepsy might

be present.
KEYWORDS
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1 | INTRODUCTION

arles Spaniel; CM, Chiari-like Myoclonus is defined as a brief, shock-like, jerk-like movement due to

involuntary contraction or relaxation of 1 or more muscles.'™ It can

magnetic resonance imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; OME, otitis be positive (hyperkinetic) which manifests as a jerking muscle contrac-

media with effusion; PMMA, primary progressive myoclonus of
SM-S, syringomyelia associated phantom scratching
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antigravity (isometric) muscle activity and tone resulting in postural
instability or falling.2® Myoclonus can be a consequence of many dis-
eases and categorization is based on clinical presentation, physiology,
and etiology. In humans, clinical presentation distinguishes physiologi-
cal, essential, epileptic, and symptomatic myoclonus.2*¢” Physiologi-
cal myoclonus is a common phenomenon, for example hypnic jerks
(muscle twitch as falling asleep) or hiccups (a myoclonus of the dia-
phragm).1%® Essential myoclonus can be hereditary or sporadic.
Myoclonus is the prominent feature, is not disabling and not associ-
ated with seizures, dementia, or neurodegeneration.z""7 In contrast
with epileptic myoclonus, seizures are the dominating clinical sign.
Secondary myoclonus encompasses a myriad of etiologies including
neurodegenerative disorders, inflammatory/metabolic conditions,
intoxication and drug-induced.2*” The physiological categorization is
based on electrodiagnostic tests, enabling differentiation between
cortical, subcortical/nonsegmental, segmental, and peripheral myoclo-
nus.>*’ Myoclonus can originate in the cortex, subcortical structures
(thalamus, brainstem), spinal cord, or peripherally.>*® Cortical myoclo-
nus is due to discharges of the motor cortex.>™ However, a cerebellar
component of myoclonus is suspected, with inhibitory output of the
cerebellum being decreased.®? It might be seen at rest, with action
or sensory stimulation, with jerks being widespread.>*° In con-
trast, the excitatory discharge in cortico-subcortical myoclonus
starts in subcortical structures and produces myoclonus when it
spreads to the primary motor cortices, with often bilateral and syn-
chronous appearance. It usually occurs at rest and might be iso-
lated or a seizure with myoclonic features.* In veterinary medicine
the etiology of myoclonus is under investigated. Grouping into epi-
leptic and nonepileptic myoclonus has been described.>® How-
ever, there is a lack of consistency between veterinary and human
for the same disease. For example, Lafora's disease is categorized
into epileptic category in veterinary®>® and as a secondary myoclo-
nus in humans because seizures are not a predominant sign and
because it is a neurodegenerative disorder.” The purpose of this
paper is to describe the clinical characteristics and potential etiol-
ogy of myoclonus in Cavalier King Charles Spaniels (CKCS) and
diagnostic approach to myoclonus in the veterinary patient. Ten-
dency for older CKCS presenting to develop myoclonus had been
documented previously.*® Further aims of this study is to explore
if association between myoclonus and other neurological disorders

exists and investigate potential treatment options.

2 | MATERIAL AND METHODS

For this retrospective study medical records of CKCS that pres-
ented to a board-certified specialist in veterinary neurology
(C. Rusbridge) with myoclonus between 2001 and 2018 were
reviewed by the first author. Dogs must have either had video
footage provided of episodes showing myoclonus or the myoclo-
nus itself had been present during 1 of the consultations. Medical
data including possible triggers, position in which the myoclonus

was observed, other neurological abnormalities, as well as
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laboratory and imaging data were reviewed retrospectively. Dogs
with coexisting epilepsy/generalized seizures were not excluded
from the study.

Data were recorded by a board-certified neurologist (C. Rusbridge)
and acquisition completed by a neurology resident in training. Data
recorded from medical records included signalment, clinicopathologic
data, age of onset of myoclonus, presence of epileptic seizures and if
treated. Additionally, comorbidities, such as mitral valve disease and treat-
ment trials for myoclonus were noted. Every owner was asked if they
perceived the myoclonus to be interfering with the quality of life of
their dog.

Imaging studies had to include at least T2-weighted sagittal and
transverse, FLAIR transverse and T1-weighted dorsal and transverse
sequences to rule out structural causes. Most MR images were
obtained with a 1.5 T magnetic resonance imaging (MRI) machine
(Siemens, Magnetom Symphony, Camberley, UK) or a 0.2 Tesla
(Esaote Vet MRI, Genova, Italy), 2 scans were performed in external
centers. Evaluation of existence of lateral ventriculomegaly, Chiari-like
malformation (CM), syringomyelia (SM), or otitis media with effusion
(OME) was performed by the last author.

Statistical analysis was performed using Microsoft Excel for
Microsoft 365. Data were evaluated for normality using the Shapiro-
Wilk test and normal data are stated as mean + SD. Nonnormal data
are summarized as median and range.

3 | RESULTS

3.1 | Signalment and clinical phenomenology

Thirty-nine dogs were identified, 24 female (14 neutered, 5 female
entire, 5 unknown), 15 male (11 neutered, 2 entire, 2 unknown). Mean
bodyweight was 9.44 kg (+2.3). Most were referred originally for
another disease. The myoclonic event was a mixture of positive and
negative myoclonus and described as rapid eyelid blinking with head
nodding/shuddering and variable extension down the thoracic limbs,
that could result in falling or stumbling of the thoracic limbs. The move-
ment lasted seconds had no obvious trigger and occurred mostly when
stationary in a sternal or sitting position. It did not seem to be associated
with loss of consciousness (see Videos S1 and S2). Multiple daily epi-
sodes were seen and increased in frequency and intensity over time.
Owners whose dogs would frequently fall, often disrupting them while
eating, reported the myoclonus to interfere with the dog's quality of life.

The mean age of onset of myoclonus was 8.38 years (SD +1.96).

3.2 | Neurological comorbidities

Thirteen of 39 cases had epileptic seizures or other paroxysmal
events, with 9/13 having had at least 1 generalized tonic-clonic sei-
zure. Mean age of onset of epileptic seizures was 5.9 years (+3.19).
Age of onset of epileptic seizures for 6 dogs with suspected idiopathic

epilepsy was *1 year from onset of myoclonus. Myoclonus occurred
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FIGURE 1 Correlation of age of onset of myoclonus (dark
columns) and seizures (light columns). On the y-axis is the age in
years, the x-axis shows each of the 9 cases with seizures

approximately at the same time (4/9), within 1 year of seizure onset
(2/9), was present before the seizure onset (1/9) or occurred >6 years
after seizure onset (2/9; see Figure 1).

Four dogs had paroxysmal events, described as sudden collapse,
which occurred during exercise in 1 dog, which was tested homozy-
gous normal for episodic falling syndrome. Two dogs were described
as having a sudden drop, similar to a syncope, 1 of which had a normal
Holter-ECG, the other was tested homozygous normal for episodic
falling syndrome. One dog showed signs of paroxysmal dyskinesia
with episodes lasting up to 30 minutes during which she struggled or
was unable to move. These started on the left and spread to the right
pelvic limb. Twenty cases showed signs of CM-associated pain (CM-P)
and 9 dogs had SM specific signs in including phantom scratching
(SM-S). Two dogs displayed signs of cognitive dysfunction, with 1 dog
described as tending to stare blankly into space, showing less interac-
tion with the owner, wandering aimlessly when left alone and signs
suggesting anxiety. Both dogs had seizures which were managed with
imepitoin. Four dogs had pelvic limb orthostatic tremor, 1/4 involved
1 of the thoracic limbs as well. The tremor was present while standing,

disappeared when walking.

3.3 | Other comorbidities
Other comorbidities included degenerative mitral valve disease in
16 dogs. OME was diagnosed based on MRI and present in 13 dogs.

Six dogs displayed signs of keratoconjunctivitis sicca.

3.4 | Advanced diagnostic imaging, laboratory
findings, and histopathology

Magnetic resonance imaging was performed in 30/39 cases, all of
which had CM, 23/30 had lateral ventriculomegaly, which was mild in
9/23 dogs, moderate in 11 and marked in 3 dogs. One dog had hydro-
cephalus which was managed with placement of a ventriculo-

peritoneal shunt. Twenty of 30 cases showed signs of SM, 3 a

presyrinx and 4 a central canal dilatation. OME was visible in 13 dogs.
Median age of imaging was 5.5 years (range, 0-13), 28/30 dogs had
repeated imaging between 1 and 13 years of age (median 7 years).
Cerebrospinal fluid (CSF) was analyzed in 7 cases and was
unremarkable in 3, with 1 cisternal and 1 lumbar sample having ele-
vated protein content (cisternal sample: 160 mg/dL, reference <30;
unknown value for lumbar sample), 2 being blood contaminated, and
1 result unavailable. Two dogs were tested for canine distemper virus
infection via polymerase chain reaction on CSF, which was not
detected. Testing for Toxoplasma and Neospora infection were per-
formed and were negative in 3 dogs. Hematology was available in
20 and serum biochemistry including electrolytes in 22/39 cases. In
8 dogs, minor abnormalities were observed in hematology and clinical
chemistry or hematology alone, but the abnormalities were judged as
incidental and were not explanatory. Urinalysis was recorded in
4 (2 showing lower specific gravity and 1 sample tested positive for
Escherichia coli and calcium oxalate stones). Organic uric acids were
normal in 1 case. Acetylcholine-receptor antibodies, ammonia, bile
acid stimulation tests and electrodiagnostic investigation was per-
formed in 1 case respectively and was unremarkable. A postmortem
of the brain and spinal cord was performed in 1 case. No structural
abnormalities were detected and there were no signs of other dis-

eases known to be associated with myoclonic epilepsy.

3.5 | Pharmacotherapy

Seizures were treated in 5/9 cases, with imepitoin (3/5) and 2 dogs
with phenobarbital (2.5-3 mg/kg q12hours). Twenty-three dogs were
on multimodal analgesia due to CM-P and SM-S. Pharmacotherapy
was typically gabapentin (17/39; dose: 7-14 mg/kg g8 hours) or
pregabalin (17/39; dose range, 3.8-10 mg/kg q12hours; 5-8 mg/kg
g8hours) and various nonsteroidal anti-inflammatory drugs (NSAIDs).
Twelve dogs were initially prescribed gabapentin but transitioned to
pregabalin due to lack of positive response. Levetiracetam was used
to manage myoclonus in 6 cases with doses ranging from 9.7 mg/kg
g12hours to 26.3 mg/kg g8hours. Good response was noted in 3 dogs,
with 1 showing marked improvement. In the latter daily episodes
stopped for 8 months. In this case dose of levetiracetam was
increased empirically, depending on effect. The dog was initially pre-
scribed 13.1 mg/kg g8hours for 2 weeks, which was then increased to
20 mg/kg q8hours resulting in 5 days of improvement followed by
worsening and subsequent dose adjustment to 26.3 mg/kg g8hours
after which no myoclonus was observed for 8 months. After 8 months
the episodes recurred, and the dog was diagnosed with a ruptured
cruciate ligament at the same time. Treatment had to be discontinued
in 1 case due to severe sedation and ataxia, despite trial of dose
reduction (from 12.5 mg/kg gq8hours to 6.25 mg/kg g8hours). Two
dogs were lost for follow-up.

Seven dogs received methylprednisolone q24-48 hours, which
resulted in apparent improvement of the myoclonus in 1 dog (dose
0.4 mg/kg g24hours). Six CKCS did receive it for reasons unrelated to
the myoclonus. It was discontinued in 4 (1 due to suspected
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contributor to anxiety). In 1 case it had been withdrawn before the

myoclonus was noticed.

4 | DISCUSSION

Here we provide the first report of myoclonus syndrome in a cohort
of CKCS with a higher prevalence after 8 years of age. Myoclonus is
characterized by spontaneous onset, rapid eyelid blinking and head
nodding, a jerking movement of the head sometimes extending down
the thoracic limbs, occasionally involving the whole body and might
cause the dog to stumble or fall. There was no apparent loss of con-
sciousness. Myoclonus was not associated with a trigger or sleep but
did occur when standing, sitting, or lying in a sternal position. Multiple
episodes in a day were often reported. Clinical course was slowly pro-
gressive with the episodes becoming more frequent and more intense
over time.

The myoclonus observed in our cohort was not action-related nor
stimulus sensitive. Given the lack of electroencephalogram (EEG) and
electromyogram (EMG) to explore the precise origin of the myoclonus
within the nervous system it is not possible to provide a neuro-
anatomical localization for myoclonus in CKCS. Based on the pre-
senting features of myoclonus in our reported cohort a cortical or
cortico-subcortical etiology is suspected.

4.1 | Neurological comorbidities with myoclonus
in the CKCS

A genetic underlying cause leading to epilepsy or a movement disor-
der with myoclonus as a feature might have been present in 13/39
dogs. Dogs with idiopathic epilepsy (IE) tend to have an onset of sei-
zures between 6 months and 6 years of age,** whereas our popula-
tion had a later onset which might imply a different etiology to the
typical breed associated IE. Two dogs showed signs of cognitive
decline. These dogs were previously diagnosed with IE with a Tier 2
confidence according to the International Veterinary Epilepsy Task
force.! It is impossible to eliminate the possibility of progressive
myoclonic epilepsy; however, it could be argued that the cognitive
impairment is more likely to be correlated to IE in these cases rather
than part of a neurodegenerative disorder. Epilepsy in humans predis-
poses to dementia or Alzheimer's disease!? and anxiety is more preva-
lent in epileptic patients.’® Recent research indicates that dogs with
IE are similar to humans, and more likely to show signs and an earlier
onset of canine cognitive dysfunction, as well as an increase in anx-
jous behavior.'*® Given the small case number and absence of
repeated objective measurement, such as the canine cognitive dys-
function rating scale'” we cannot rule out that an underlying neurode-
generative disorder was present and the myoclonus part of it.
Additionally, we investigated if common diseases affecting the
CKCS were linked with the development of myoclonus. 100% of dogs
that underwent MRI showed signs of CM and 66% SM, this resembles
the overall reported breed prevalence in the general CKCS
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population.*® In other words, a link between CM and SM was neither
proven nor disproven. The frequency of CM and SM was that
expected for the age of the population and dogs could have myoclo-
nus without CM or SM.

4.2 | Other comorbidities
Sixteen of 39 dogs were diagnosed with degenerative mitral valve dis-
ease which is a common problem thought to affect nearly all CKCS
>10 years of age.'? Six dogs displayed signs of keratoconjunctivitis
sicca, which could be associated with an immune-mediated disorder
but based on this study it cannot be concluded if this is in relation to
the myoclonus or not. The retrospective nature of this report is a lim-
iting factor, which makes it difficult to determine if laboratory changes
or neurodegenerative disease have contributed to the myoclonus.
Considering our findings in CKCS and human guidelines for a 37
or 8-step’ diagnostic plan, we propose to approach the veterinary
patient presenting with myoclonus with a 6-step plan (Diagram 1). In
first instance it should be determined if the dog is displaying myoclo-
nus. All our dogs were confirmed to have myoclonus based on obser-
vation of this by an experienced neurologist. It might be difficult for
an unexperienced veterinarian and in these instances video footage
provided can aid in identification by sending these to a neurologist for
review. It is paramount to take a detailed history, including informa-
tion about littermates, the dame and sire, history of seizure episodes,
abnormal behavior and medication or possible drug or toxin exposure,
as this gives information of potential primary and secondary myoclo-
nus and will influence further investigation. Once established that the
myoclonus is pathological, the distribution along the body should be
taken into account to guide areas of interest for advanced diagnostic
imaging. If medication or toxins are suspected, these should be with-
drawn or eliminated and myoclonus resolving. In case the front part of
the body is primarily affected intra- and extracranial causes should be
excluded. Extracranial causes in humans to cause myoclonus are liver
and renal failure.>”? Two of the dogs had slight to moderate increases
in liver parameters, but a cutoff level where myoclonus could be trig-
gered by renal, or liver disease has yet to be determined. Given the
fact that increases in liver values has not led to hepatic encephalopa-
thy signs on clinical examination this might be less likely. One dog was
diagnosed with diabetes mellitus, and the myoclonic episodes wors-
ened during times of hypoglycemia, but did not completely resolve
during normoglycemia. Given the small case number of dogs with
altered laboratory findings it is impossible to draw a concise relation.
Twenty-three of 39 dogs were prescribed gabapentin/pregabalin
due to CM-P and/or SM-S. It is questionable if gabapentin or
pregabalin worsened the myoclonus; however, no deterioration of
myoclonus after start of gabapentinoids was documented. Two of the
cases were prescribed gabapentin after the myoclonus occurred and
the myoclonus did not worsen but the nature of this study does not
help to draw a conclusion and it remains questionable if myoclonus
was drug-induced in these cases. However, the inhibitory neurotrans-
mitter gamma-aminobutyric acid (GABA) is thought to play a critical
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DIAGRAM 1 Flowchart giving a 6-step guide on how to approach and classify myoclonus in veterinary medicine

role in myoclonus. Interestingly, inhibition, as well as an increase in
GABA-neurotransmission can cause myoclonus.°

Given the age of onset and a slowly progressive course of myoc-
lonus in our cohort a primary geriatric/idiopathic myoclonus might be
present within the CKCS population. A similar syndrome has been
proposed in human medicine called “primary progressive myoclonus

of aging (PPMA)” but description is limited to 11 people described in

2 publications.?*?2 PMMA is characterized by a cortical, asymmetrical
action myoclonus in patients 250 years of age,22 without an underly-
ing cause or concomitant dementia or another neurodegenerative dis-
ease.?¥?2 The course reported was static after an initial progressive
phase.?? The difference to our population of CKCS, is the stimulus-
sensitive action-related asymmetric myoclonus affecting face/jaw, as

well as arms to lower extremities,?* whereas in CKCS we have found
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a spontaneous, resting myoclonus that commonly involved unilateral

thoracic limb, but head movements were symmetrical.

4.3 | Management of myoclonus

Cortical myoclonus might be responsive to medication decreasing cor-
tical excitability, such as standard antiepileptic drugs (AEDs),>*
although phenobarbital has been shown to be rarely effective in
humans.® Out of 9 dogs in this study that showed generalized seizure
activity, 5 received a first-line antiepileptic medication (imepitoin or
phenobarbitone), the remainder did not receive any. Both increase the
inhibitory effect of GABA, resulting in decreased neuronal excitability.
Yet, neither resulted in improvement of the myoclonus. One dog
showed seizure control with a 12-month seizure free period during
which the myoclonus progressed. Demonstrating that their pathogen-
esis suggests to be different.

For both cortical and subcortical myoclonus, which is suspected
in the 39 CKCS in this study, if no inciting cause has been identified,
levetiracetam has been proposed as a first-line treatment in
humans.2*¢7 Levetiracetam is unique compared to other AEDs, bind-

ing the synaptic protein SV2A*23-25

instead of having a direct effect
on GABA receptors. It indirectly regulates inhibition of GABA and
decreases cortical excitability,>® being effective to decrease myoclo-
nus of different anatomical origins, including cortical, subcortical,
brainstem, but not spinal myoclonus.>*

Six of our cases received levetiracetam (9.7 mg/kg q12hours to
26.3 mg/kg g8hours), which resulted in improvement in 3 cases,
decreasing the episodes from 1 per day to a myoclonus free period of
8 months in 1 dog. Despite doses below the currently proposed
guidelines of 20 mg/kg g8hours as a second-line AED in dogs with idi-
opathic epilepsy.?® A similar effect has been noted in human studies,
were probands experienced a reduction of myoclonus with only one
third of the dose for cortical myoclonus epilepsy.?*

Despite the low dose of levetiracetam used, 1 dog had to be dis-
continued due to severe ataxia and sedation, despite dose reduction.
It might have been feasible in this case to reduce the pregabalin dose
which was high at 5 mg/kg g8 hours. A future randomized, blinded
study including a trial with levetiracetam would help to establish if this
is a valuable treatment option. The rapid onset of action and possibil-
ity of sudden withdrawal make this medication a favorable pharmakon
for a therapeutic trial.2® Further, the current human literature sup-
ports its benefit in managing cortical and cortical-subcortical
myoclonus.2*%?

A glucocorticoid was administered in 7 cases, albeit prescribed for
reasons unrelated to the myoclonus in 6. 2/6 had discontinued steroid
treatment by the time the myoclonus started. In 2 dogs, dose is
unknown and 1 of them was discontinued due to suspicion of worsen-
ing of anxiety. One dog was prescribed methylprednisolone at
0.5 mg/kg g24hours due to SM-related signs, which was decreased to
0.25 mg/kg q24hours due to weakness, but the dog shortly after
euthanized and no information about the effect on the myoclonus

was available. In only 1 dog methylprednisolone was prescribed at
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0.4 mg/kg g24hours for myoclonus specifically and it helped to
decrease the myoclonus. In humans, myoclonus as part of progressive
myoclonic epilepsies has been shown to be associated with neu-
roinflammation, which responded to anti-inflammatory drugs.2® If an
underlying inflammatory cause, such as encephalitis of unknown etiol-
ogy was present in that dog, cannot be fully excluded given CSF sam-
pling was not performed. However, the MRI findings did not
suggest it.

Many of our cases did not receive treatment targeting the myoc-
lonus, as owners generally did not perceive the episodes to interfere
with daily activities or quality of life. However, in cases where myo-
clonic activity caused the dog to stumble or fall, treatment was
attempted.

In order to choose directed treatment, it is important to catego-
rize the myoclonus based on anatomical and physiological etiol-
ogy.>*” Main importance should be to distinguish between primary
and secondary myoclonus.* Based on this information treatment is
selected, as certain medications have been proven to be effective in

2479 It is of utmost impor-

cortical myoclonus, but less in other forms.
tance to take a thorough clinical history to determine if a possible
genetic link exists or the myoclonus is associated with medication or
toxins.>*7? Further, blood tests to exclude metabolic causes, MRI,
EEG and multisurface EMG to determine the originating site within
the nervous system,>*”? but this has yet to be more advanced in vet-
erinary medicine. We have performed widely available diagnostic
steps in our study population (advanced diagnostic imaging, blood,
and CSF sampling), to exclude an underlying pathology as much as
possible and proposed a step-by-step approach for the veterinary

patient with myoclonus.

5 | CONCLUSION

Myoclonic jerks are reported in middle-aged to older CKCS and
should not be assumed to be a consequence of SM. There might be a
link with generalized tonic-clonic seizures. It seems to be another epi-
phenomena for this breed Although the number of CKCS treated suc-
cessfully with levetiracetam was low this could be a possible
treatment for myoclonus in this breed. Further research to substanti-

ate this is needed.
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